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FOREWORD

Support provided by Sandia Laboratories to NASA Marshall Space
FlightCenter in the preliminary design and analysis ofthe SRB Recovery

System during the period March 1994 through Febr1_-ry 1975 is documented

in thisreport. Because ofthe informal nature of the m_jority ofthe workingi__ meetings and discussionsbetween Sandla and NASA personnel, itis not

| possible todocument allofthe informationtransferred during thisperiod.
The report does assemble in one package the results of studies and evalua-
tions specificallyrequested by NASA and previously presented in Working
Group Meetings. A report format has been chosen which hopefullymini-
mizes the effortrequired to chm,ge briefingvlewgraph material intoa
readable report.
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SUMMARY

• NASA CItOICE OF A RIBBON DROGUE AND TIIREE RIBBON

t MAINS FOR TIlE SRB RECOVERY SYSTEM IS BEST FOR A
• STATE-OF-TIlE-ART DEVELOPMENT PROGRAM

_" • NASA PAHACtlUTE WEIGHTS _E REASONABI.E FOR DESII;N
FACTOR USED AND STANDARD PARACIIUTE DESIGN PRACTICE

• DEPLOYMENT OF TIlE SRB DROGUE BY A TETHER ATTACIIED
TO THE EJECTED NOSE CAP IS UNACCEPTABLE

* TIIE DROGUE SHOULD BE DEPLOYED BY A 1_ TO 20 I.'OOT
PILOT CHUTE

• MAXIMUM PREDICTED INFLATION LOAD FOR REDESIGNED
20 PERCENT POROSITY DROGUE IS 226.000 LB.

• MAXIMUM PREDICTED INFLATION LOAD FOR A MAIN CltL*TE
IS 135.000 LB.

• MA'rERIAI.S SEI,ECTEIJ FOR TIlE SRD i _'.OGUE AND MAIN
CllUTE. IIAVE ADEQUAT]_: STRENGTH ! ,r)R TIlE DESIGN LOADS
AND I)ESIGN FACTORS SPECIFIED

• SIGNIFICANT WEIGIIT SAVINGS MAY lie I:OSSIBI.E" IN TIlE
IIOItlZONTA L RIIII¢ONS

• ).lORE DFTAII.ED MATERIAl CIiARACTKI'_IZATION DATA
AP.E REQUIRED FOR AN ACCURATE STEY53- ANAI.$'SIS

• A DEVELOPMENTAL DROP 'rEST PROGR.:C.! FOR "lifE
SRB RECOVERY SYSTEM IS ESSENTIAl.

• TIIE B-52 '*MOTIIER SHIP" DROP TEST AP.i_ I-',AFT AND
A 50,000 I.B, DROP TEST VEIIICI.E SIIOUL_ 3E USED

• DESIGN LOADS FOR ALl. SINGLE CHUTE S'l _'tC,ES AND
THE MAIN CIIU'rE CLUSTER FIRST STAGE .,£1?E POSSIBLE
WITH TIIE ItECOMMENDED TEST METIIOD
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TYPICAl. SOLID ROCKET I:_OOSTER {$Rl_)TRAJF.CTORY

'rile SRlt recovery concept _p¢_eified by NASA as ef March 197.! is illustra,_,d ()l_ |hi' odJoi_Hl_
page. After separationtileSRI4 followsa ballisticpath untilrut,airy. l_pozlro.(_otryitstubiliz,,s !
ill_Lnenr-broud_tdi_attitude,with the laPge broadside drag providing allilllt/aldeeply,rat/on_lla_q'. )_

At an altitude of if), 000 feet a drogue chute is deployed which turns tile Sltll to a tail first attitude .:
amt _lt_ws it to tile proper speed for mate chute dcploynlel_t, Main <'hute_ are Cleft depto_'ed which

_llow the' SRil to a water entry speed of about 100 ft/eee,
i

! .
i

[- i
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TYPICAL SOLID ROCKET BOOSTZR (SRB) TRAJECTC_RY

I StPAUTI_ h • 19.000 ft y_

, . ...,,,,_,. //\
OAOOU[_ ImFLAT[I Ni_
TOIll _[RD C_OIIIOH
h • 18,1011fl
v • |44.? ftlsiC
q * IH,8 P19

uT_t*_o ' "->._-r. I, I

X,12 _y2v • 195.0 Ct/te¢ _* "" •

SRJlNAItR I_^_l
P4Nlar, 12S n.ml.
h * O.raft
v * 91 ? ft/se_

1-3
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Sltl_ RECOVERY SYSTEM I_SELINE

The SRB recovery system baseline specified by NASA as of March 1974 consisted of a
oneodrogue and three-main system. The 54-foot drogue was extracted from the front of the
broadside SRI_ by the ejected nose cap, A single reefed stage for the drogue was used to turn

_ the SRB to a tall-first attitude, and Lhe fuU*open drogue provided the proper main chute deploy-
meet conditions. A cluster of three 104-foot main cl,otes was then deployed by the drogue° Two

_' reefed stages were used to minimise main chute inflatit_n i.. -,.._tus, and the fun-open cluster

_'i provided the desired water entry speed of 100 ft/see.

i
I

!-

L
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SRB RECOVERY SYSTEM BASELINE

• DP._"_ Cltb'TEi_£'P,AC"_8K_ZN CRb"nS

• LOSwet(OS| CA?

• SAV! NOSEFRUSTLIH

• UCOVlLR.G P,,II_'K;L_II_IIALL PAI_I_CH_J'2'II8

I • DneszOHKEqUTJUn_ti2S:200-QAT 1,9,000 IPEE'J_

* _nq _,-_I_ AT WA_R _A_
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NASA CIIOICE OF A RIBBON DROGUE WITH THREE RIBBON MAINS IS BEST FOB A
"STATE-OF-TIIE-ART" DEVELOPMENT PROGRAM :_

Based on the data and reasons given in the accompanying clmrts, it is felt that rite design
objectives of the baseline design concept chosen by NASA for recovery of the solid rocket booster
(SRB) can be met with a state-of-the-art development program.

Ribbon parachutes have been widely used where high strength, ruggedness, and reliability

are required. There are large amounts of data available on ribbon parachutes which ranging in a
size from several inches in diameter to 130 feet in diameter. The basic parachute is well nnder-
Stood.

6

Use of a drogue parachute to initially stabilize and orient an unstable or improperly aligned •
vehicle.a.sstandard practice, Ingeneral, a drogde issmaller and lighterthan the finalstage
system. Thus, itis easier to deploy in thatthe forces required toaccelerate the parachute toa
deployment velocity sufficiently high to prevent line sail and entanglement are lower than the forces
required for the main system, Since the drogue would also have fewer and shorter lines than most
m_Instage systems, the prObabilityofdamage (llneburn, etc.)islees. The cost ofrefurbishment
would probably also be lower since there would be leas material to replace and the bulk would be
reduced,

A three parachute system is superior to an N chute or one chute system, Three chutes are
geometrically more stable than either 2 or 4. There is more applicable three chute data available.
It is easier to interconnect reefing to control lead-lag loading for three chutes than for four or
more, The Individualchutes in a three chute clusterare withinthe state-of-the-artIn terms of
size and fabrication.

1-6
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NASACHOICEOFA RIBBONDROGUEWITHTHREERIBBONMAINSIS
E_BESTFOR

W_ A "STATE-OF-THE-ART"DEVELOPMENTPROGRAM ]

iMOSTCONSISTENTWITHLOWCOST- LOWRISKSINCEMORE :1
D t

APPLICABLEDATAAREAVAILABLE ! !
i I

-_ _ RIBBONCHUTESOFTHEAPPROPRIATESIZEANDSTRENGTH ,;

RANGEHAVEBEENBUILTANDFLOWN i

RIBBONCHUTEMORERUGGEDANDCANBEDESIGNEDFOR

---- REFURBISHMENT :i

NODROGUESYSTEMINTRODUCESMOREUNKNOWNS ; -]

S THREECHUTEMOSTGEOMETRICALLYSTABLEIF CORRECT

TRAILDISTANCEUSED

SYSTEMCOMPLEXI'tYANDDEPLOYMENTPROBLEMSINCREASE

ASNUMBEROFCHUTESINCREASES

BASEDONSANDIAEXPERIENCEBARODEPLOYMENTBEST

CHOICEFORRECOVERYINITIATION

II

1

t

1-7
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I X 180 FT VS 3 X 104 FT MAIN PARACHUTES

In comparing a single 180-foot diameter final stage system with a system of three 104-foot
diameter parachutes, the ma_or factor_ in favor of the three chute system are that the single
chute is out of the present state-of-the-art (L e., it is larger in diameter than any previously
built and flown system) and the single chute would be more likely to become entangled with the
booster at water impact.

t_,
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I X 180 FT VS 3 X 104 FT MAIN PARACHUTES

• CENERAL - 180 FT MAIN CHUTE WEIGHING 41)00 LB
IS CONSIDERABLY BEYOND PRESENT
STATEoOF - THE-ART

• WEIGHT/VOLUME - PROBABLY LITTLE DIFFERENCE !
I * FABRICATION COST " SINGLE MAIN REQUIRES MORE SPECIAL I

EQUIPMENT BUT PROBABLY CHEAPER
FOR SAME NUMBER OF SYSTEMS

• PACKING COST - LITTLE DIFFERENCE

• HANDLING - SINGLE MAIN MORE DIFFICULT

• MATERIALS ° PROBABLY LITTLE DIFFERENCE

" SYSTEM COMPLEXITY " CLUSTER HAS MORE COMPONENTS

• DEPLOYMENT - 180 FT MAIN WOULD REQUIRE SIGNIFICANTLY
MORE DEPLOYMENT DEVELOPMENT AND
WOULD PROBABLY EXPERIENCE MORE
DEPLOYMENT DAMAGE

• INFLATION - SINGLE MAIN IIAS LONGER INFLATION
TIMES. HAS HEAVIER REEFING LINES
WHICH MAY REQUIRE REEFING CUTTER
DEVELOPMENT, ,_IAY REQUIRE MULTIPI,E
REEFING LINES

- C|.L'STER IIAS NONUNIFORM INFLATIO._
PROBLEMS

• I"I.|GIIT TESTING " PROBABLY CANNOT PROPERLY I.OAD I'INAI.
STAGE OF I$0 FT MAIN

" GREATER UNCERTAINTIES IN NUMBER OF
TESTS REQUIRED FOR 180 FT MAIN

• RETRIEYAI. - SINGLE MAIN WOULD ;.AND ON TOP OF
_'r_.:_ Ill'RING A LARGE FRACTIO._
OF FI.IGIITS - HETHIEVAI. COI;I I) lie
I.'tIPHACTICAI. t'NI)ER 'FIIESE C()NI)ITK)_S

" HI':I"I'III_ISII',tF:.".T - SA_IE tTO;I_',IF*'rs AS FOItt I.'AIIRICATI¢}._,
I'ACKI%G. A_I} IIANIH,I.%(;

• fl}:i'SI.* - MAY NOT lie I'(_SIIII.E IF" _I:'_|N ('lit TI;
I,ANII_S I}_ "roll' ¢11."IRX_'i'I;R

I
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SYSTEM WEIGflT

Accurate assessment of the system weight requires development of data to define required
design and material degradation factors. These factors0 described in detail later in the report,
are probably the m_or unknowns in determining the system weight. Given these factors and the
proper material property data, currently available analytical tools can be used to compute loads
and strcssea for system design.

Analysis of the NASA proposed design indicates the weight estimates are I;_obably conservative
(c. g.. design factors are quite large).

f
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SYSTEMWEIGHT

ACCURATEASSESSMENTOFPARACHUTEWEIGHTSREQUIRESBENCHTESTS

TOEVALUATEDESIGNFACTORS _

_, STRUCTURALDESIGNCODESWILLPERMITMOREACCURATEMATERIAL
SIZINGANDMOREBALANCEDDESIGN

ACCURATEMATERIALPROPERTIES&OADvs STRAIN;DYNAMICEFFECTS)

ARENOTAVAILABLEANDMUSTBEOBTAINED

CURRENTNASAWEIGHTSAREREASONABLEFORDESIGNFACTORUSED

ANDSTANDARDPARACHUTEDESIGNPRACTICE

I

t-li
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GENERAL COMMENTS - PARACitUTE CONSTRUCTION

Comments on parachute construction details are shown on the accompanying chart. Some of
the points are amplified in the following discussion.

It is recommended that standard ribbon parachute gore section construction be used. This
may permit easier repair if the gores are Joined by several rows of "nonloek" stitching in that the
stitching may he easily removed and & gore removed for repair.

It is recommended that a "set'and vent" be used for porosity control. If all radials are t
carried to the vent. the resulting geometric porosity in the vent area will be quite low. If at

" least every other radial is terminated at a second vent one half to three quarters of the way fromthe skirt to the actual vent, a better porosity distribution, will be obtained. This will help to

i, prevent blowing the crown of the chute during the initial inflation phase. The vent band for the

second vent can replace the intermediate reinforcing bands.

Increasing the suspension line length from 1.0 D o results in an increase in drag as shown by
the chart on page 1-1_ About a 17 percent increase in drag can be achieved by increasing the line

i length to h 5 Do. A similar drag increase can be obtained by increasing the main chute traildistance as shown in the chart on page 1-17. From these data. it appears that parachute drag can
be optimized as a function of dimensions, weight, and riser lengths.

00000001-TSB09



GENERALCOMMENTSPARACHUTECONSTRUCTION

USEGORESECTION ELIMINATEINTERMEDIATEREINFORCINGBANDS ]

' CONSTRUCTION ONMAINCHUTES I
USESECONDVENTFORPOROSITYCONTROL;POROSITY

SHOULDBENEARLYCONSTANTALONGCHUTE

DONOTEXTENDLINESOVERTOP. DESIGNFOR

REQUIREDSTRENGTHFROMRADIALRIBBONS;

POSSIBLEUSEOFCONNECTORLINKS

USEEXTREMELYSTRONGSKIRTANDVENTBANDS

MAINCHUTELINELENGTHS1.5 Oo FOROPTIMUM

I DRAG- TRADE-OFF WEIGHTvs

MAINCHUTETRAIL 1.6* 1.7 Do
INTERCONNECTEDMAINCLUSTERBEST1"OMINIMIZE

LEAD-LAGINFLATION

ELECTRONICREEFINGCUTTERSALSOMINIMIZE

LEAD-LAG

STRUCTURALANALYSISWILLALLOWMOREOPTIMUM

CHUTEDESIGN

q
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FULL OPI_N DRAG COEFFICII_NT VS POROSITY
20 ° CONICAL RIBBON PARACBUTI_S

Parachute FuU open dr_tf_ coefficient vs geometrtc porosity is shown. The variation in

drag coefficient based on constructed diameter is shown for several line lengths, The data were
taken on 3-foot diameter ribbon p_raehutes in the LTV low speed wind tunnel. (I 1)

i

_, (l-1)S_ndia Corporation Pressure and L'_ereefins Test of Mode_ PtLraehutes in the Vought t

I Systems Division Low Speed Wind tunnel, LSWT 445, 3 Sept. lg74.

t

l:

i

!!

i

I-II
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FULL OPEN DRAG COEFFICIENT VS POR_ITY
20° CONICAL RIBBON PARACHUTES

0._

0._

o.
C D 1,0 0

c Ls/D c - 1.5
o. 2"00

0.!

0,1 q)
10 20 30 40

Geometric Porosity kg

I-1;_
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RATIO OF CLUSTER DRAG TO TIIREE TIMES SINGI,E DRAG VS TRAILING
DISTANCE IN CIIUTE DI IM_TERS

The effecton clusterdrag of increasingthe linelengthsof three parachutes in clusteris
shown. The system consisted ofthree I.5-footdiameter oonatrueted ribbon parachutes. Plotted
is the ratio is the ratio of the cluster drag coefficient (based on constructed diameter) to the

coefficient for line of 9 It is noted that the inez'easessingle parachute drag a length I. D c. drag
as l,slD o tnoreaees to about I.8 or 8.0,

Ref: Sandia Corporation Pressure and Disreefin_testsof Model Parachutes in the Vought
t S_stems Divisions Low Speed Wind Tunnel. LSWT'_45."3 Sept, 1{}74,|'i

!.
t

[
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r

i
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RATIO OF CLUSTER DRAG TO THREE TIMES SINGLE DRAG VS TRAILING
DISTANCE IN CHUTE DIAMETERS

Parachutes C D = 0.586. N = 8. _,g= 20!
4 c

!,: _ o
_' 0 O 0

0

_, 0.8CDcl

3C D CDc used for normalizing
c 0. e ®j,,._

Oo4

_ 0.2

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6

Ls/D _

4
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I)ROOUE DEPI.OYMENT AND MAIN CLUSTER DI_PI,OYMENT

'lI_¢,acconl|)[ulylngc]|_PtsummaPizes comments on tile parachute dc_ploym¢_iRtechnique.

11_Isproblem has boen nnalyzed extonslvcly,and thc Pesultsarc dctail(tdlaterinthe rclmrt.'J'h_,PcSHltsvonlIPm t!iPconl_llont$made on the chart°

t
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DROGUE DEPLOYMENT AND MAIN CLUSTER DEPLOYMENT

DROGUEDEPLOYMENT

NOSECAPDRAGIS NOTMUCHGREATERTHANDRAGFROMTHEDROGUE
l

BAG. PILOTSYSTEMSHOULDEXERT20TO30 G ACCELERATIONON

,_ BAGTOPREVENTLINESAILANDASSUREGOODCHUTELAYOUT.

WITH76FTTETHERSNATCHLOADAT200fpsAV WILLBEVERY

HIGH. PROBLEMUNDERANALYSIS

POSSIBLESTABILITYPROBLEMSWOULDRESULTIN LINEBURNAND

WHIPANDNONUNIFORMLAYOUTOFCHUTE,PROBLEMUNDERANALYSIS

MUSTUSEABRASIONRESISTANT(STEELIRISERSYSTEMTOATTACH

OROGUETOBOOSTER

PREVENTSBO_STERABRASIONOFDROGUELINES

EQUALIZESDROGUELINELOAD

BESTDESIGNFROMSTANDPOINTOFPREDICTABILITYANDRELIABILITY

WOULDBETOEJECTNOSECAPANDDEPLOYDROGUEWITHAN 18TO

20 FTPILOTCHUTE

MAY BEACCEPTABLETODEPLOYDROGUEFROMPILOTCHUTEEXTRACTED

NOSECAP

MAINCLUSTERDEPLOYMENT

DROGUEAS PILOTCHUTELOOKSACCEPTABLE.GIVESCORRECTLEVELOF

ACCELERATIONONMAIN BAGSANDFRUSTUM.RAPIDDEPLOYMENT

ALLOWLESSTIMEFORBOOSTER_0 DESTABILIZE

USE4 REEFINGLINECUTTERSPERLINE
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DESIGN FACTORS

As previously discussed, the Design Factors have a sigtltficant impact on the system weight.
Early evaluation of these factors by laboratory and other ground tests is required in order to
accurately design the system. The accompanying chart summarizes typical design and material
degradation factors and gives typical values that are estimated based on knowledge available to
Sandia.

The abrasion, fatigue, and water exposure factors probably are the least known at this time.

It is felt that the only good abrasion data will be obtained from evaluation of actual SRB recovery _ 1
systems since this factor depends so heavily upon actual useage and handling history. Fatigue _

can be evaluated in a laboratory by a parametric study in wh/ch typical strain cycles for various !
component parts of the parachutes are reproduced. Water exposure data also can be obtained in _
the laboratory. Probably the main damage in salt water exposure occurs when salt crystallizes
upon drying. DuPont data (1-2. -3. -4, -5) tnd/cate that the effect of salt solution on nylon
strength is minimal (i. e., < 10 percent reduction). These data based on Hqu/d salt and do not
include possible damage to the fabric structure by salt crystals.

As noted in DuPont data (1-5-8). light exposure has a large effect on nylon strength. The
exact changes in a given webbing or other fabric structure would have to be determined experimentally
since the total strength change is a function of the material thickness. There are also dyes such
as DuFont Capracyl Yellow NW that greatly improve the altraviolet resistance of nylon.

lleferenee 1-5 also points out that nylon is degraded quite severely by rusting iron or steel.
Thus, care nlust be used to insure that the suspension lines anti risers that contact steel fittings
are protected.

(l'2)Thc Chemical Resistance of LluPant Nylon Dupont Ilullettn N-30. July 1',!55.

(l'3)Reslstance of l.'/bers to Aqueous Solutions of Various Salts. DuPont Tcclmical
hlformatton, Itullettn X-218, April 19_7.

(l'4)Fish Nets and Twines of IJuPont Nylon. Dni'ont Technical Information. Bulletin
N-1611. Jan. 1964.

(l*5)l'roperties of Ropes of I)acron _nd Dul'ont Nylon. Ilul'ont Technical Informatio*l.
Bulletin X-226, Feb. 1969.

(l'6}l.ight m_d Weather Resistance of I.'thrcs. Dul'nut 'rechntcal Information, I_tdlotln X-203,
April 1_,66.
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DESIGNFACTORS

SAFETYFACTOR - (LS) STANDARDCARGOANDSPECIALWEAPON.

JOINT,LOOP,SEAM - (0.8 - 0.9) USEGROUNDTESTDATAAND PROBABILITY

ANALYSIS. CANBEFUNCTIONOFNUMBEROF
I

JOINTSANDSERIOUSNESSOFFAILURE.

' ABRASION - (0.9 - 0.95) ONLYGOODDATAWILLCOMEFROM

EVALUATIO_OFACTUALFLIGHTANDRECOVERY

DAMAGEDUETODEPLOYMENTANDHANDLING.

FATIGUE - (0.9 ° 0.95) CANBEDETERMINEDFROMGROUNDTEST.

SHOULDBEEVALUATEDAS SOONAS POSSIBLE.

RIBBONSWILLPROBABLYREQUIRELOWERNUMBER

DUETOFLUTTER.PROPERDESIGNOFMATERIAL

MAXSTRAINSCANMINIMIZE.

WATER - DU PONTDATAINDICATELITTLEEFFECT.CONFIRM

WITHGROUNDTEST.

ULTRAVIOLET - (0.95)PROBABLYMOREIMPORTANTTHANWATER.ESTIMATE

OFEXPOSURETIMEREQUIRED.SOMEDATAAVAILABLE.

REUSEFACTOR - PROPERASSESSMENTOFABRASION,FATIGUE,WATEB,

ANDU-V FACTORCOVERREUSE.

CONVERGENCE - INCLUDEDIN DESIGN. SHOULDNOTBEA DESIGNFACTOR.

CLUSTERAND - CANBEASSESSEDANALYTICALLY.

NON-UNIFORMLOAD

RECO,_IMENDTHATGROUNDTESTSTOEVALUATEMATERIALDEGRADATION

FACTO:_SBESTARTEDAS SOONAS POSSIBLESINCESYSTEMWEIGHTS

A_D _,IATERIALSPECSAREINFLUENCEDSOGREATLYBYTHESEVALUES.

Io21

!

00000001-TSC04



P

00000001-TSC05



; _'l:._T. !

il!-_, +. l,¢li_l', ll;JIl,_l - : +

• _l. " _' II, -.. _ O.+_ 0.++',,_ " O,+_' _.O l.O , ,,

,_,I:!¢3+I¢++% • 1
• _I I.O O._+_ 0._$ I.O 1.0 I..O

J . , l,lt

i, It++ .. O. _+I, O.+_ _ O._o 0._'$ l.O

_1 o. "+_ O.+ '_ O. l_s, i O. _,41 O._._ l.ll

$_ .,, O. _,ii O._,& _so J 0191 l.omATl:n

",l o. >_ o.+,_ O._,m _.0 O..'.. I.Ot ' |

P _" I_' ** O.+,_ O._,$ O._ '+ 0.- +_+ I._
! I l ;ll& %|111,I'.1

:" - -- i n.+: p.++ t.4. i.+s i.t!
+ l'( )%IIII_KII, _IATItHI._ I

,,_,_'t,m.mtms+., ;_ n.++• l.:'l I._'m + l."* 1"+' _'il
"" !% ," i.o I.o i.o I.O I.OI,(J_ll +,+,SRIATI!??_llll_ll: •

PII.+I'Ii_'_II:_TI_IR¢I.I+$TI'I +'+,I. 1.2_ _ I._IX I.,_I_, I._I+ 1.25 I.I*.

III:_;_ l'._¢'tl+It II p- t l.O +.. I.o l.l _I.,+ +.Jt
_ll_ 411.% _ 'xl;, %0 l.?+ _ I." i l.t : 4.? 4.,_,

i . JJ_"

l%ll.l+Hl: llI:ll'l T_ IX ,'+%511:'+II_II lll_
Ap.%%II+%HII-I'._I_IIA ._,%11.'ll'I;_ I.%1 _I;AI'I._X
KKI;I' _'1:1"

00000001-TSC06



t,

SECTION2

DROGUEDEPLOYMENTANALYSIS

00000001-TSC07



BLANKPAGE

L :::: ,:: :::.................

00000001-TSC08



ItIN)SI'I-:II TI'IIN-ARtWNll llY I|lltll;t;K ClIUTE

_ ,h'l|;ilni¢. llllal_tsts n[ tile aoIill ro_kel hflolll, r reclivl,rv d)atenl was I_rllwinl.iI tli |l_l, arl,_,
JJl INH_lt'l* dyll;tnlics IMh_ _lrc_ne chute d_ployntent.

'111¢,inmst_.r d)ltsmics annlyllil includes IWCbparl|enlsr evPula: II| turnovl,r Jl_ Ihl, Im_Sler
.t! ,h'_lll' t'|lnte _h-ploymenl an_i (2) hc_ltEr dynsn_lell I_[ween dry.liP ehtlle r_,lea_l, a_l| main _:lllJl_'
,Iq'l_l_tl_0"_ll. "1111"haste analysis It#Jl nl_ll for the ho_ltPr ilyl aulie an_|y,%s _,as ;t si_-_l_,_,_ ,'_,-_l-
_l _'_'_h_m-¢raj_,ct_lry colnlmlt, I, c_nle with sn _lion of nl_h,|Ing a _lr_R areal t_lral_ er,_ffteiont x

r_.:'_,r_,lp:_, ;ll'_,;_l ;telinR at all arhitrar_" a|tachmen| point, There al-i • (1_, sillntftCallt f_.atnl,(,s to _ "
!hl:_ I,arlic_ll;Ir _q_ttun, First, |1_ _loeity si tim st|achment point i_ non assmllcd |o hE tile Sahib,

:1_ !h_, w.l_'i|y of tilt, olrntEr of Iim_ls o( th_ belly I|, e,, tile boOstEr) lull :_ i'alher _eg billy ¸' _lnld_,
_' '_altachl:l_,ut point" Willl the distance Io the attachment point Dcin;; approslnlately ;|0 [Eut Or-m"
ilil- |tll_l_lel" _tilttEr ¢l_ I_rlelly. Ille "" axr" term eau_lt, II the velocity' il the alt_{hm_nl i,otnt In Ix,
,'$1_llt([cat tlv ¢lif_l,rent froth fht, velocity St tl_ cenlEr of _ri"ll,v of I|K" booster. _ecohtl. the (ol'cE
lit _ll, altsehntEnl iwlint II c_lculitE(I blind Oll |he d_llimi¢ pPESSOrE eMlenlat_d {toni Illit v'._lo_lty
_tt ,_lll, altacilnlel|t iHlint. "l'hird, tile direction of the tOrtE tS IIISllnled parallel to tile velocity tit

_hl. ;llt_eilmEnt i_tlll, implyJll_ ill Ilislsl_ils_ro_ll respollSe of tin, atlach_i pariohllle. I,'olll.tll_

1_14illit'l|la are create _l about tile {1[. of the booster IFattachment ioint _ _ittscl ment iOlllt ) lineal Sl.I
tile f._z'ce dm, s not act at the L'(;. l.tfth, tl e drag arcs i.sy vary as a plEcew_,s[,linear f.netl_t uf
linlf.

in tilt, turllovor analysin at clrl)RUE deployment, tile Initial t_on¢iitllliRn (if tilt" i_oolttl_r _l)r 1(1¢.
trajvclol'y _il d V al -:

:_ltilllde III. _0 ft

I_'namie pressure : 200 Ib/ft 3

Velocity (_tt booster e R) _ 543 ftlsec verticllly dnWlt

t)rientalion: X aX|S (centerlllle) horllon|&l

V_riollS singular I'lte_ II_ the I_SIEr were lsaumetl _or tile illitial oondlUon in the lPajec|ot'y
Stihlv, illchl(iiog '_ll rates :_ro, pitch rite of 30°/see. yaw rate of :lO"fsec, and roll rate of
4NIli_tt,c,

I'hy_leai iirnnerties, wlllcll were used, in the analysis, (or the boos!or, are:

Ma_s: 154,2401h m

Itoll monlont of inertia _ 1.55 x l0 _ slur - ft 2

I'ilcll and yaw moment f Jilt rtla _ 8, II x 106 slug - ft 2

I'aracilule attachn_ent point : 77 ft ahead of cg

The aero_lynamtc coeffieient_ for tile I)OOSIEr_ willci! w('re Ilse_l in tile trajectory calcu]utionB,
_'l'_' ;_,.I,tl l'm't'P ('oefficil,n!, (':_, nornl;ll Iol,ce coefficient, ('N_ slatic .hitching moment coefficient,

('lh' il_(t pitt'h _l;llnpIll_ nlotl_l,xl! {'(st,|'fict(,lll, ('hill _ and were {is_tlnl{,(I to |}l, only" functiols of n_clt nlln_ber
mi(I to!.'ti-ungie-of-attack, _.'altlcS for the Eoefflel¢llts were taken from two NASA .MSFC memos:

(I } S&l: - AI:IiO-AA°73-112, "lle_4scd Shuttle SRII Reentry Static Aerodynanlic Characteristics"

N,}velld)t.r 12, 1!!73 and (2) 5&[':-ABIIU-AN-?3°4$, "SRII Entry L.'ynanlic Stability I._rivatives"

_llt_tl_t '.}, l!iT:}, "llle asstlnled drag area (('ITS) for tile 54 ft dla ribbon droKue chute was as foli_Jwa:
t

Time CI)S

0,0 (linear increase) O.

O. P27 lO0_l, •

12. _27 100_l,
(lineal,tncceasei

1 L 070 1260,

I _. 13.070 1260,

d=,._
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Two items about the aerodynamics should be noted, F/rat. tho assumed drab arek vs time
|lit th_ droil_e _bote alcoa lil_t includP,"Sllikes t' _lIcll would occor due to ovnrlonation intl os¢ill;ltl_. ,_
in parachute diameter° "llw erie,! oil tile tmsi impulse oh the booster. Jffld rhea i._1o_l_Ulal' n_otioh.
due to llnorinR the "spikes' is small; however, peak loads cannot be accurately predlcled wifli,,.t
including them• The seeoud item is simply that the parachute aerodyllamies overwhelm the hoos_,,r
aerodynamics when _he ,'_4foo_ diameter drolple chute Is attlchcd.

For all the in/tail onllular rote8 which were tried, the resulting booster angular motion w_s
nearly phular• The worst case it. e0. hill|lest omplitude) for sogulsr motloll was the east. wh.,i*,
the booster was Initially pitehinl_ nose down st 30°/see• lqots of the i'eso|tlnll moti'.:n are _lhow_;

' Opl_sile• The Isle-trajectory-time oscillstions I--2 ° " 4°) whlch were pred/cted do no! include _:_.,
unl,lulsr motion which cmll¢l be induced by parachute anllulor oscillations. Resulting llaracbute
f.rces predicted by this analyllia have not been included here because • more detailed anldysis

t Inciodtog ovcrlnriation and parachute oscillations was done auhs_queot to this analysis which i_t_'t"_
more accurotc llarachuto loads•

flO(_TER ANGULAR MOTION IIISTORY AI TI'H
hOO6TER PITCil RATE IIISTORY AFTER DRC_UE CHUTE DEPLOYMENT (ALTERXATI:
DROGI'E CllUTE DEPLOYMENT PEAF_ RI_PR]_ENT NKGATIVE ANGLES)

' "....... """ ""*'_....... /...r!i'-:l..J.,_T.,.,h.;lil.it_,,F.-..t..._...t...l""
, ..,............,, ,...,.._...,.,., ..,,,.,._, __,__"__ -_ .. ;....,; •.,........... ;,:.;,.......=I:_l. ,-t,_l.-ti_l tl,,.+_' ___71i_i...t........... i-!1

• • .. ..+l_t.tl•lll*_t...|•i4 i• It .... 11 . m i_i•"t_,_L__I_'!.:_;..-.+...+-,-.,..'1!._1_ '__:';:r". ,..::;......i.. _...i_;-l:
p__ll_' il.,.,l .... l:;/I•..F_--:-_-_._II ............................

__ ,_I141 "V__ .....I.....iii_

.........................'........... i : _';Z'::';.;_.'+;'.;;'_L";';ii!it;'"

•-I_....l.... ,_,...........u:'.t;"li_l_ltl ..................,................
l'_.,--l+......._:'-'_........... i,.;I;:l:liliill "___!_ ... 1

, .,I+ .,t ..... o ,.I.,, .,.;,+ ...... 1.., ,,,

____ __._._.,_.,_,,-_=,=_.,_=-._,...tall'At __! t........ .................. _ ......... ;L L;LF":.!!1-_'_-_'-"=_"'_:'_ _'_ "__-.-';_iLt .........i!ii_
, .,N_-._,,Nt.,,,, tiiit_ _?..."tlN _ INit

- "'+_t'"'_iit_ __.@ ' 4,r '__.
-_ • ill iw li !! _llllll ilal ill 11 ill JTI HI • li il It el ,ll_illl lit ill Ili iii_l

i Isi ll_i

i VEI.OCITY lllSTORY OF PARACllUTE VELOCITY IIISTORY OF BOOSTER C_NTEll
ATTACIIMENT POINT ON BOOSTER O1,"GRAVI':Y FOLLOWING DROGUE
FOLLOWING DROGUE DEI'LOY,'.IENT DEPLOYMENT

"' " " ....I
......................" "

i

i ....... -.... _ _,.._-.,,._I

_ .=il__=_----.-,--_.-..""•.....' """ "'"" _"" F..r_:rt;:._=_:::_-::'.='=_t:_i.......,+......,,l..,,...i..:l
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II(_(g"l'l'l'-'ll P,IO'I'I().'_ AI."i'I_H I)II(X;III_ RI/:I.I,.:ASI_

'|'ht" al'¢Oltll ]);tP| I'pf thl' I_K, atPl" |J._na11]les Wll_ylllS wa_l t|iP iI.ynanl|¢+ |)qtwcen release o_ t}l_
,h (_gu_, ch_tL_ _1_1 _lep|(z_'_,_t :_f thq e_atrl chutes. _'or this snaJ.ytb_s, th_ i_htal condith)n_ _r_
q+i+t+*iltt.*l froln tit., t_,attlta of tilt, tul ++vet arlalyala o1" the I_lQater (or the ellse with ii_l ialttal

:Ll_R_llal' rates zc.ro. 'il_e z'eh,a_e of the drogue chute ta uaumed ¢o take place 21+:_ aeeo_tds a{ter
dl'*_gll¢, d_,l)lo_,nlont at an altllnde of tll_Oo feL_l, "the sallle I||sss I)rolzol't|es ml(j aePo_lyllsnlie_
_'|+ari1_tl.l'J.'qi('_ for 111(, i_)(_lel" wel'(, used. Th[- _msl)+_i_ _llows Ihst turllovt_r fl+OHi th(_ I)asl(_all,v
IH)+*. lIP (!t)lllJilIOll |_ _'t_r_."SLOW; however, the |ll_rease ill eclat|t)'+ anti t|lu_l (I)'n_|e j)F_setlrt_, is

v_.t*v ral)id :tJl*l it ta _'Pry inzl}l_l'lm)t that die main chutes t_e del;lo,ved as rapidl_ au possih)(_, v
sllr¢_,_tin_ thal the drogue chute be used aS the pilot chute fop del)lO).|nff tile main chutes. The

Ltrapha _)pposit,. allow the |_oostl.r pitch all_i@ vS t|ll_e leofll (1! o!i_uq release _11(| (Jyna111|¢_ I)r_aure
•c_ lt_lt, frt_B_ _5rogut" release. I I

........................................ .............................................................................................................................. _
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IIOC_STER MOA'IO_: AFTER DR(,.'IGUERI;.'LI_ASE

BOO6TER PITCI! A,_GLE HISTORY FOr.LOWING DROGUE RELEASE

IJT _,,..,**,*_..***_ ......... _*,..._ ..,*,.**...,_ ,,...._**.*_.,

k i !
S u ................+.............._......................................................................... i

! J ' .

0,4 0.8 t.2 LO 2A i

Time from drogue release, sec, i

i

_;OOSTER DYNAMIC PRESSURE HISTORY FOLLOWZNG DROGUE RELEASE

I ' I

,..-o|/ t' _2

_ .o ........._ ..............."+.......... ---I......

! [
, I !

0,a 0.8 1._ 18 2.0

Time frowndrogue release° se_,
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NOSE CAP EJECTION

'D_e ft,st event in the NAS._ baseline design for the drogue deploy'neat is the ejection o£ the
nose cap _rom the SRIL A dynamic analysis of this event was _rformed to verify the t_0 it/Boo
ejection velocity necessary to avoid contact with the drogue bag during ejection as shown In NASA

! MSFC memo S&E*AERO..I)DoS-74, "SRB Nose Cap Ejection Velocity Requirements" March 4.
1974 and Northrop Servioes0 Inc. memo 92501_74-7, "Nose Cap Separation" February 28, 1074.

Tim an'Alysi$ tool which was used was a two body trajectory computer code, with each body
having the full six degrees of freedom. The code which was used was an extension to the SANAF
six-degree-of-freedom trajectory code° In the extended version, the secondary body (Body B)
has its position calculated with respect to the primary body (Body A) to Increase the accuracy
of the relative position, rather than calculating abeofute positions of each and determining the
difference.

Careful attention to the initial conditions for Body B and Body A has been given. The velocity
i of the two bodies does includethe_ x'ffterm due tochange in CG positionand angular rates.

An ejection velocity and an angular tipoff rate may be applied to Body B.

. The primary difference between this analysis and the analysis in the two previously mentioned
memos is that this analysis does model the movement of the SRB. The SRB characteristics used
here are the same as those used for the booster turnover analysis. The nose cap peoperttes
which were used are:

Mass -- 202 lb
nl

Pitch/yaw moment of inertia -- 36. 3 slag - ft 2

i Roll moment of inertia• 18 slug - ft2 (assumed)

i Center ofgravity : 25.3 in forward of nose cap base

The ae,'odynamic coefficients were taken from NASA MSFC memo S&E-AERO°AA-73-24.
"Subsonic Aerodynamic Charaeteristie# of the SRB Nose Cap." April q0, 1973. Aerodynamic
interferencebetween the nose cap and the booster was neglected on both nose cap and booster,

Initial conditions for the analysis were the same as those for the booster turnover analysis
but without the roll rate. In all eases the nose cap was assumed to be ejected axially with an

i 80 fusee impulsive ejection velocity. ,r, • worst case of those examined was the initial nose
down pitel: rate of 30 dog/see. Even _,. :L case. contact would not occur between the nose cap
and drogue pack.

r
i ^

_===-

L-_
i

!

F
!
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i NOSE CAP I_3JECTION
DISTANCI': BETWEEN NOSE CAI:' P|TCII ANGLE VS ||OItIZ{.)NTAI,
CG AND BOOSTEIt CG AI"TEI'& DISTANCE FOR NOSF CAP
EJECTION EJECTION

TIME -- 0,0000 SECONDS TIME = 0.0250 SECONDS TIME _ 0.0500 SECO:;DS

l I3OOSTI': l't

TIME = 0,0750 SECONDS "I'I_II_"= 0. 100 SECONDS

O

#
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The 2lid _tl'eil. (If analysis lo tile drogue doploylnenl _tllulys|_ Wss the dyllsnlies of tile tc,tht_red
flo_, C'_lp_tud Ill(_ dynall_l¢_ of tile {|k'ogne paeR. The same tw(} 61)Ol.'-|}o(ly trajectory eod_ wu_
u.'4t'__ a_ the, I}rinlary anulyuis toolj with th_ addition of an elastic ltl_c connecting tl_e two bodies
;Lt arhitrary attachnlqnt Points. Itndy B haa been modeled to allow line deployntent from it. with
t_l;Lss loss° n_a_8 property c|lst_ges and an averaged line tie fo_'ce _luril_g deployment. TIle drag
;tr_,:l _|t _nl ._llaehllleut p(_|llt W_s lnchl(|ed 8_ £111option in the ve|'Btoo of the colic.

't'|_L, i_h,altzed base line concelR tnvtstoned the nose cap acting a_ a steady dl'ag device for
_lt,Pl_wi_g thq drog_ parae|_te. "_ts s_me',vhat governed the oapabtlitt.es it_co_.poratacl z_ the
w_potvr eo_le° t._. 0 a d_g area (no_e cap _a et steady drag device) attached to a 6 DOF-hody
(dt'oguc pack dcployit_g line) attached to another 6 IJOF-body (the SRI]). Although such a .I
trajeetury was computed, analysis of the nose cap dynamics on the end of a tether quickly showed
Hzal the zt,thor load on the drogue pack could not be treated as a steady drag force. A caleul_tion
of 200 pound n(_se cap ejection, with a 40K tether attached to a fixed drogue pack. was performed
i|1 _Itq_,t'mlning tether loads for snatching the nose cap. A plot of the tension in ti_e tot]let, vs time
f_v this case is shown opposite, It shows that after the first peak in tension, the llne goes
completely slack and is followed by s second peak and tension oscillations.

|
I
i
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TETHERED NOSE CAP

TENSION IN 40.000 I.B TETIIER FOR DEPLOYMENT OF A 200 LB NOSE CAP

I II!! Iml
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DROGUE BAG EXTRACTION BY NOSE CAP

The more realistic case is with the tether (60K rated) attached to a deployable drogue pack,
This was modeled as much as possible; the limitation is that mass could not be deployed from the
drogue pack because the two 6 DOFobodiel were the 300 pound nose cap and the drogue pack.
The imtial motion predicted by this model is correct, but it would begin to he in error when
significant mass should have been deployed from the drogue pack, This modeling showed that
during the time when deployment would occur it < |. 5 see) only two tension pulses would occur
in the tether, giving a drogue gun typq deployment rather than a steady drag force deployment.
The two tension pulses also induce some severe ang_fiar motion to the drogue pack. t

,.g
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DROGUE BAG F_TRACTIO_I BY Ni_E CAP

TE`NSIO`NL'_TETHER - METHOD I

I

!.i

t
i

TIlltl( SiCI,.NOSE CAP AND DROGUE PACK PITCH ANGLES

._,IETHODNO. I
,. CASi _qsoIS

_Ulil I[111 [il[I[ llll
I _ll i I I I i I i I ilf I I i I I I I H

t I t I I I ltl I I llf'f.'l ; i ; I_'_i i i- i

I I I I I I Iltil I I I I I l I Ill'i I I.
I I I I I I HIIIIL/! I I I I 11 l ll'J I_lt

t I I I I I I 11III I I I I 1 i 1 l_i_l'l'
I I I I I I !1:11 I I ! 11 I 1"11_] I

l. llil Ili:il I Ilitll lilt
il II i t li-li i llll IIJIl'l

_ I I I t I I I It I I FI I I I I'11 11_1111 I!111 IIIIII1.1111
It /1111 IIiil llrlllLIIII

I i ; i l ili I;l ; ;l , ; I ; I ; l I "t'-I. i I t I I iJl I I_1 I i I I I I II I-
I I I I I III 1_ I I I_1LJ.) I ! I 1

i

i i I I I Itll I I 1 i 1"I_4_T-I I I I I

i I I t I i_li I I I I i III I I I 11 1,,_.l.Imlil .J.'.ltlll I_lftlIIlll
, . _ ]jJ ill lilillillll_

]kT] I III I I I I i I I I I I L_]-LJ_
1 Iltlllli I

_11 1 1 i I I I I _1t I I I I_i.-[rlTl 11III [11i
1i111 IIIII I_lll !!II

_, /! I I i 1 I ILl I t I I ,'. : . .

I ll_l I sic)
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I)R(X;I_: I_X(; f:X'I'RAC'I'IO._ I1_" N(Jfll_: CAP (continued)
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i UROGL'E BAG EXTRACTION BY NOSE f ,_,? (©ont|nued)

rE'rH FIt (WITII¢)UT
AERO
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I I)II OT ('IIUTE EXTRACTION O1."DROGUE BAG

i An alt(,rn,_tc deldoyment method was also briefly investigated. This method used a pilotchute, to deploy the drogue chute from the 200 pound nose cap with the nose cap being pulled off
anti not ejected. The pilot chute was assumed to be equivalent to an 18=foot ribbon parachute.

V.,rying mass properties for the nose cap with the deploying drogue chute were calculating

_,._m::'._:.*,_. constant density, conical frustrum drogue pack of varying length. The resulting
Utlgtl[_l" nmtton of Ute .Gee cap is shown opposite, using the same booster initial conditions.

|

i

! :

[
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PILOT CHUTE EXTRACTION OF DROGUE BAG

NOSE CAP ANGLE-OF-ATTACK o METHOD NO. 3

TIME ! S£¢ |
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I)YNAI-'I ATI': SIMI!I,ATR)N O1." I)I(¢)(HTR D_P[oOYMI'.'NT

A _.c,ll,I lyl,e of a0)aJy._|_ of tile dro_w" d_l)loym(,nt wa.'; |,_,rformt_d u._izll_ th_ IJynaflat_t
fin|I_,o_,|_,ut_ll! ;t_|_ytllnl¢.tr|c |)ara_|lutL, deploylIle||t _nd |tlf[_t[ioH cotll|)tltor code. This model
inc|ude._ both ¢_t_l_ aJId _n._nsion |in_lg. Of particular int_,re_t in this analysis was line Bail
;trod _ll_tt_z[_ |_t|o A¢,rodvtt_l_i¢ foPc_,_ _re lne|u_le¢| on the 8_pc_r_s_ol_ _int,_ _s t|_ _ro_f|ow drag.
I.mq, t|t._ at'_' al._,_ modeh,do A realistic initial condition, of lines folded across the deployment
t_lt_ wa._ u._t._10 Two ct)]lC_l_t_ _Pn'e modeled with I]yn,_flut_*: (1) the deployment with a no_e cap
_,h._._u,. _ltlz fyl,e) and (2) dupl¢_ntont from the noB_ cap ussumin_ an l/_ foot pilot chute. Both
_'_?_c.,pl_ w_.re nlcx|('led _ts_ttl_ling a _ePo tingle of _ttack of t|_ para¢|nlt_ durin_ deploymOnto _l_lc )
_l,_t, cap ti_,ployment concept w_ mod_led, up to the point of the c_tlol)y ,_turtin_ out o_ the bag.
_i_|_ ,_o el,_fIow _12|_° _ Qonll)_t'l_tofi of t|_ rosttlt_ b_tw_en lb_ two methods i8 a_ fo_ows°

#

Tethered Nose Cup |_ploy from Nose Cap

C¢_ncept with IL_-foot Pilot Ckute

_IaXiIHUUH snatch Ioad at boosler 54_ 000 Ib HS_ 000 Ib

'l'im_.at sltateh lo_d O, l_3se¢ O. 64 se¢

Apex position at vent cord bre._k 118, 3 tt 122, D ft

Tim(. at vent and break O, 925 Bec 0.705 sec

The, smtlch l,_adft_:. the deph_yment fron_ lhe nose cap wilh a_ l:_ol_l I)ilol cbtlte is woll below the

inl'katiox_ [o;ldo and tbl8 met|_od |t_ t_tuch more orderly _u_d c.xp(!d[ettt. O_q_(_stt_ is _t sample fr_tt_e

t'l'(,)tl tt lt_.iq* !_lo(h,!itl_ tho de|}loylH(_llt ill _t cros_flowb for t}l_, Items(, c_t[J o1_ t_th_r c0ncoptj lit t!lP
i_nstanlt I_a,_)_'(, the eanop.v starts out of the bag. Notice the lar_¢_, laleral deflection (lint_ sail)

:t-. I_
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DYNAFLATE SIMULATION OF DROGUE DEPLOYMENT
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('IIlTI,:ItlA l.'Olt IC¢AI.UATION O1.' PROPC_ED DEIILOYMENT METIiODS I.'OR Till.: SRIi
Ititt_;t I," l'AlIAt'lll VI'E

AS a part of the aupl_rt being prov/ded for analysis and preliminary design of the Sf/B
rvc_wery system, an evaluation of deployment methods proposed for the SRII drogue parachute
h_s |)t!L_U solid|toted.

"|'b_, propo_t,d drogue for the _;ltll recovery system is a 54-foot diameter conical ribbon
parachute wel_hing approximately 840 pounds. It is to be deployed near an altitude of I9.000 feet
and at a dynamic pressure of approximately 200 Ib/ft 2. At deployment time the SRI] la in a near
bvoadnlde attitude with potentially large dispersions in pitch, yaw. and roll angles and rates. The
(il,ogne is deployed from the nose of the SRB reefed to about 80 percent of Its full open drag area.
At t(.r the reefed drogue turns the SRH to a nozzle-f/rat attitude, the drogue la dtareefed to provide 4
the proper deployment conditions for the main parachutes.

Several criteria were established by K_adiu by which the candidate deployment methods were
compared in this study. The criteria selected represent an attempt to combine acceptable parachute :'
tk'siRn practice with SRll development program philosophy. P

'['he problem ta to select one or more drogue deployment methods which satisfy the criteria.
System cost was not considered specifically in the evaluation, but low system cost is indirectly

ret3t-cted in all the _-eq_re,'aents. Detailed cost trade-offs may be required to mike a final ]
_, h,cti_m if nlore tluul one acceptable deployment method exists.

I_a_it,d on pl't, tl l_t ._."( igC sate is, COlt trade-offa silt] system triter face requirements four
(]vo_ta. th'ploynJent methods _ere selectml by NASA/MSI.C fro' farther evaluation. Deployments
_ ;lit 4_J,,iho<ls ;t _llid 4) iitnd without (Xtethe_is t and 21 a pilot chute were considered, An extensive
=_tt'll'_ (it"¢lrt)li_tlt,, diqfl,)%iilt_nl wi td tunnel teats described in lleferenees l and 2 below were con-
ti_it.'lt'tl |)_. "%._%ISAtt_ iil'i'12Stll_i_tt2il'l detait the depli_.'mem methods illustrated in Figure 1. (YOservatton
of _he filnis l'l+Olil _he wbld tunuel Iostl3t eonllniter simulation results, anti experience gained in
dt.vt'_Opill_ Otlll_l' lai'ge ribbon parachutes were combined to form the evaluations reported herein.

Itct t'I'(bi|l.'t'_

I. %'icker.% J. :'l,, "Wind Tunnel Teat Plau - Sllll liroguc I'ai.aehtite System,"
.'%,ll.l|ll.Op t'orporaliol], %tqltUi'a IJltvision, NVli 74-16A, Jill|l! t_974,

2. I'i "ei_, I. It., "Wind "ruinlt.I Test of the Space Shutth_ Solid Rocket tlooster
Ili'ol_ul. I_;irllt'htltt • Sv_ll(.llil " _(irlhrop Sei.viei!.,t, hie., 111-230-1342,
_t.|ll t.iillll, i- 1!,7.t.
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CRITERIA FOR EVALUATION OF PROPO6ED DEPLOYMENT METHODS FOR SRB
DROGUE PARACHUTE

I. STATE-O_-THE-ART DESIGN PRACTICE IS TO BE FOLLOWED.

2. THE SYSTEM SHOULD REQUIRE MINIMUM DEVELOPMENTAL
FLIGHT TESTING.

i 3. THE DEPLOYMENT SHOULD BE CONTROLLED, PREDICTABLE,
AND REPEATABLE WITHIN ACCEPTABLE LIMITS.

4. LITTLE OR NO DEPLOYMENT DAMAGE TO THE DROGUE SHOULD
OCCURj BECAUSE THE DROGUE IS TO BE REUSED APPROXIMATELY
TEN TIMES.

2-I_
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I)IIOGUE DEPLOYMENT METttOD NO. 1 (BASELINI_)

In deployment Method No. 1 the following deployment sequence occurs:

1, The nose cap is ejected from the SRB with sufficient velocity
(80 fps) to clear the drogue pack.

2. A tether connecting the nose cap and drogue pack extracts
the drogue pack.

3. The drogue is deployed as the drogue pack separates from the SRB,

This method was selected by NASA as the baseline drogue deployment method primarily
for cost reasons.

Initial objections to this deployment method were stated by Sandia because it did not follow
state=of-the-art design practice (criterion 1). Heavy ribbon parachutes are nearly always deployed
using a large extraction (pilot) parachute and high strength line and canopy ties. Criterion 2
would almost certainly be violated because extensive developmental testing of this rather unusual
deployment method would be necessary. It was also suggested that the nose cap would provide
insufficient drag to cause a rapid pack separation and to allow the use of heavy line ties. The
result would be considerable line sail, a very disorderly deployment, and a significant and
unpredictable amount of deployment damage. Based on past experience with similar parachutes,
it was therefore suggested by Sandia that the baseline drogue deployment method (Method No. 1)
was not acceptable because it satisfied none of the requirements for a successful system.

In order to investigate Method No. 1 in more detail computer simulations and wind tunnel
tests of the nose cap ejection and drogue hag extraction were conducted, Both the nose cap and
drop, ue bag were simulated as six*degree-of-freedom bodies as described earlier in this section.

Wind tunnel test films for the Method No. 1 deployments showed essentially the same behavior
as the computer simulations. The ejected nose cap quickly trims into the relative wind° the drogue
pack is yanked from the SRB when the tether becomes taut, and much of the drools deployment
occurs when the pack is broadside or backwards.

During a significant portion of the deployment the relative deployment angle is 90 degrees or
greater. At fullscale velocitiesthismisaligned deployment _'ouldalmost certainlycause unaccept-
able damage to the dro_,,ue.

In summary, experience, analysis, and test all indicate that Method No, 1 (baseline) drogue
delJloynlent would be unacceptable for deploynlet_t ol the Sltl:5 drogue,

2-2t1
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DROGUE DEPLOYMENT METHOD NO, I (BASELINE)
I

I

U - _'Deployment Bag

• NOT ACCEPTABLE FOR LARGE PARACHUTES

• UNCONTROLLED AND UNPREDICTABLE DEPLOYMENT WOULD RESULT IN
COMPLETE FAILURE OR INCREASED DAMAGE ON DROGUE

2-21



I)RC_GUE DEPI.OYMENT METHOD NO, 2

In Method No. 2 the nose cap is ejected with the drogue packed inside. The drogue is thus
deployed d/rectly from the nose cap as the cap separates from the SR_.

This method would also be unacceptable for deployment of the SRB drogue. Since the nose
cap quickly trims into the rela_ve wind after it is ejected, a large relative angle between the pack
and deploying drogue would also be present in this method. Also. as was illustrated in the wind
tuzmel tests, much more energy is required to separate the nose cap than would be the case in
Method No. 1. Using the same separation energy as Method No. 1. the Method No. 2 wind tunnel
nose cap and drogue pack fell to the wind tunnel floor and only deployed the drogue as the nose
cap rolled slong the floor.

d
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DROGUE DEPLOYMENT METHOD NO. 2

l)eploFment Bag

I

• NOT ACCEPTABLE

• DID NOT WORK IN WIND TUNNEL

2-23
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DEIJI.OYMENT METlfOD NO. 3

Methods 3 and 4 USe an extraction or pilot parachute to deploy the drogue, In Method No. 3
the deployment sequence is:

i h A pilot chute attached to the nose cap is deployed from the nose cap tip either

using a mortar or the drag of a small section of the nose cap tip.

2. The nose cap with the drogue pack inside is released from the SRB or given

a small separation velocity.3. The pilot chute sep_ut.tes the nose cap and drogue pack from the SRB.

deploying the drogue. 4

I Results of a computer simulated Method 3 deployment were previously illustrated on page 2-15.

The drogue pack angle-of-attack history was obtained using a computer simulation which assumed an
18-foot pilot chute. The pilot chute quickly aligned the drogue pack with the relative wind so that the
deployment took place, as it should, with little relative angle between the pack and deploying parachute.

The wind tunnel test films of Method 3 show essentially the same behavior. In the wind
tunnel test. u scaled 8-font pilot chute was used. This chute was smaller thim would be required
for ._dcquate deployment control and pack stability, ilowever, Method 3 would appear to be an
acceptable method of deploying the SRB drogue if s large enough pilot chute (15 to 20 feet) _nd a
high streugth line tie system were used.

Method 3 has • couple of possible advantages over Method 4. Little ener_" would be required
to separate the nose cap. and the attached pilot chute should prevent any possibility of recontact
of the nose cap with the SRI_ after parachute deployment. A possible problem u'lth Method No. 3
wouh| occur during the initial separation and rotation of the nose e_p. Careful analysis would be
required to insure tlmt nylon components did not come in contact with the solid edges of the nose
cap during this pha_e of deployment,

2-24
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DROGUE DEPLOYMENT METHOD NO. $

Nose Cap

l_lot Parachute

• COULD BE USED TO DEPLOY DROGUE

• NEED LARGER PILOT CHUTE AND STRONGER LINE TIES

• PILOT CIIUTE COULD BE DEPLOYED BY EJECTING NOSE CAP TIP

• INITIAL SEPARATION NEEDS MORE STUDY

2-2,'_
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DEPLOYMENT METIIOD NO. 4

In deployment Method No. 4 the fullowing deployn,eut sequence occurs:

1, The nose cap is ejected from the SRB with sufficient
velocity to clear the drogue pack.

2. The separated nose cap deploys a pilot parachute.

i 3. The pilot parachute extracts the drogue pack from the SRBo

; deploying the drogue.

tr
The wind tunnel test films showed that Method 4 provided reasonable deployment control.

i_ although like Method 3, the scaled 8°foot pilot chute was not large enough.

Method 4 would therefore he acceptable fop deployment of the SRB drogue if a large enough
pilot chute (15 to 20 foot diameter) and a high-strength line tie system are used. Method 4 has a

rt couple of advantages over Method 3 which give it an overall advantage, and hence make it the
preferred method. First, deploying the drogue from a deployment bag using a pilot chute is the

i most conventional system possible. Maximum use of past experience could be made. and minimum

i developmental testing would be required. Second. drogue deployment is made independent of the
nose cap ejection. Dispersions in the gab attitude and rates at drogue deployment would have

i only minor e£f_cts on the drogue deployment itself.

An additional wind tur_cl series w_inh would investigate pilot chute size, line tie strength,
pilot chute riser length, nose cap tether length, and initial booster attitudes in greater detail
would be extremely useful in designing the drogue deployment system.

2-26
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DEPLOYMENT METHOD NO. 4

_)eployment Bag
NOBe CaD

Pilot Par ae,hute

• PREFERRED DROGUE DEPLOYMENT METHOD

• NEED LARGER PILOT CHUTE AND STRONGER LINE TIES

• RUN _IORE WIND TUNNEL TESTS TO OPTIMIZE SYSTEM

i:
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SECTION3

PARACHUTEINFLATIONANALYSIS

3-1
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I){,ISCIi|PTI()N OF ANALYTICAL INi.'I,AT]ON MODEL

The analytical model used for the inflation analysis is described in detail in Ref, 3-1. The
approach used differs from methods developed by others in that it utilizes momentum equations
railer than a conservation-of-mass equation to describe the motion of the parachute canopy,

The ma_or assumptions made for the inflation analysis are listed below:

[ 1. The parachute canopy ia modeled as two lumped masses, each with
- two degrees of freedom.

f: 2. Aerodynamic forces are approximated by the sum of quasi-steady
and fluid inertia forces.

i 3. Quasi-steady forces include a drag force proportional to parachute
cross-sectional area and a radial force proportional to the inflated

:: canopy area forward of the maximum radius point.

Ii 4. Fluid inertia forces axial and radial acceleration
proportional to

are included.

5. The portion of the canopy from the skirt to the maximum radius

I point is approximated by a conical frustum, while the aft
canopy

of the maximum radius Is approximated by an oblate spheroid with
constant eccentricity.

_| 6. Elastic forces are obtained from static load-strain data for the
t materials used in the parachute.

7. The forebody and parachute are assumed to follow the same ballistic
path.

L Trajectory coordinates used in the inflation model _re defined. Six degrees of freedom are
required: three flight path coordinates (forebndy, parachute skirt _nd parachute maximum radius
point), two radial coordinates (p_rachute skirt and parachute maximum radius point), and the flight

l)ath angle.

• .... ....... .......... 00000001-TSEO9



DESCRIPTION OF ANALYTICAL INFLATION MODEL

me

Schematic of elastic components
Trajectory coordinates for inflation model, in inflation model.

System forces during inflation. Canopy geometry for inflation model.

3-3
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AHRODYNAMIC DATA IN INFLATION MODEL

Aerodynamic forces on the parachute in the axial (drag) and radial directions are expressed
;_i as _t function of geometric porosity in the inflation model. The data were extracted from wind
_. tunnel and flight tests of parachutes. Because the aerodynamic data are expressed In this way,

parachute porosity can be specified independently in any inflation analysis.

E;
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AERODYNAMIC DATA IN INFLATION MODEL

2.C

i l._ 'r_ 15'_gc

LO

,_ o Reference12
x 76-FtDiameterParachute

O._ 4- 23-ftDiameterParachute

I I I
0 10 20 _0

GeometricPorosityIncludingStrain

Effect of porosity on full-open drag coefficient based on projected area.

_ 0.65_" C-'_R"0'625"0"316_'c
_ CO g x o Reference12

if" 0.6l-- _ ® 1stStage76-FtDiameterParachute
_. I -__ x ?ndStage76-FtDiameterParachute

I -_..,.._ 2,-FtDiameterParachute

'
,u O 10 20 30
_" GeometricPorosityIncludingStrain

I.
l-

Effect of porosity on rndial force coefficient, i

1t
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" COMPARISON OF PRt_DIC'ri_D INFLATK)NS WITIt TEST DATA

i Predicted force and geometry during inflation were compared with flight teat data in Ref, _-1.
Solutions to the equations of motion were compared with available shape and lead data for the

23-ft ribbon parachute (Ref. 3-2) and the 76-ft ribbon parachute (Ref. 3-3) developed by Sandia.
Shape and parachute dimensional data were obtained from computer-generated plots of digitized
fligllt film frames.

Force measurements were taken from forebody accelerometer data.

A sample comparison of actua_ and predicted data for a test of tile 23-ft parachute is shown
opposite. The comparisons of predicted loads and shapes with the experimental data are good,
consld_ring the simplicity of the infl_tion model. Data from a test of the 76-ft parachute also are

compared with predicted geometry and load data. Again, the comparisons are quite good. !

Based on these comparisons, it is concluded that the inflation model should accurately pre-
dict the forces and shapes for the SRB drogue and main parachutes durhtg inflation.

3-6
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COMPARISON OF PREDICTED INFLATIONS WITH TEST DATA

|*( D_I0 mint Conattionl _**** • •

/
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23-ft parachute, test 352. tt_i{s_)irmR*I..

Inflated shape for 76-ft parachute,
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Forebody acceleration data, Forebody acceleration data,
23-ft parachute, test 352, 76-ft p_rachllte, test )_-S.
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NOMINAL CONDITIONS FOR DROGUE INFLATION STUDY

The configuration used for the SRD drogue parachute inflation study is defined in Ref. 3-4,
The drogue is a 20 ° conical ribbon parachute with a nominal diameter of 54 feet and a sueptnsion
line length of 96 feet. An average geometric porosity of 16 percent is specified In Ref. 3-4_ al-
though other port, sirius were assumed in the stud._v when t'equired. The basic inflation mo_el was
modified for the drogue inflation analysts to include a three-t%gree-of-freedom planar motion SRB
rather than a point mass forebody. The parachute was assumed to be aligned at all times with the
relative velocity at the attach point on rite SRFI. Initi_1 c_-dtttons at the start of drogue tnflation
were obtained from NASA SRB trajectory studies. Drogue inflation was assumed to start at an
altitude of 1£., 000 feet and a dynamic pressure of 200 psf with the SRB in a vertical trajectory and
a broadside attitude. A nominal reefing time of 12 sac was speclfied by NASA and was used for all
inflations. In most cases the reefing line length was adjusted to provide equal maximum loads on
botb rite reefed and full open drogue.

]
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PAllACIIUTI" OPENING SHOCK FACTOR

The _':_riation of parachute drag coefficient with porosity and suspension line length is dis-
cussed elsewhere in this r0port (p. 1-15). An addition important effect which influences parachute
inflation loads is the dynamic or "opening shock" effect. The ratio of maximum force to steady
_lrag force was measured by Saudia in a serins of wind runner teats of 3-foot diameter ribbon para-
s.liter.s ,)f different porosities (Ref. 3-5). For low porosity ribbon chutes (porosity of about 20 per-
t-out o1" le._s_, the opening shock fu_tor becomes large and cannot he lguored in calculating inflotion
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OPENING SHOCK FACTOR VS,

GEOMETI_IC POROSITY LTV LOW SPEED WIND TUNN_:L TESTS
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• t • _
,ql114 iHiO(';tIl': INFLATION -- |_OR{)SITY = 31 YI_IICI]NT, NO SRll WAKI_ 1N .rl,,Rl,/_RIhNCi,

h,!1_,ti._n 1_,_t_ f'.rnn ._[_ th.o_uc with _eometric t._rosit_, of 2! per_e_it were _em:r_.toH.
'J'}_ ._ E_ '._it_" p 'q _,_te_ :_i_f_roxil_:_te|_ ' t|_o _]eslred full npt!n drag a_'e:_ fol" the 5._-foot di:kmet_r

_._ _h-,_u_!. ,'_:_In, t_ _]_I_ w_ke /nt_.fcrcnc# _,a_ ,_ssu_ed. An SI_]_ weight _f 164_ 000 pound_ w_._

! ;
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SRB DROOUE INFLATION m POROSITY • 21 PERCENT, NO SRB WAKE INTERFERENCE

3-15
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SRIt DIt(XIUI': INI,'I,ATION m PORc_rrY _ 16 PI':ItCI,:NT, NO Sltl] WAKI¢ INTI_RI,'ICRI_NCI_,.. INCR I._A.qI,'D $R|_ W I._IGHT

i SRll weight during tile drogue phase was increased to 171,400 pounds. Tile weight increase

c_usud a slight increase in maximum Inflation load for the l0 percent porosity drogue. The larger
_RI_ _vel_ht wan u_ed in all succeeding inflation s_udiee.

F-
t_

i
g
F

i

i •

3 - I (;
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fiitB I)]¢Of|I!|',_ INH,ATION _ IlIGII AI.TITUDE |)I.,'PI,OYMI,_NT

In 61q_port _f a st_Ldy _sf _*tllt_v nxcth¢*d_ of I_lttt_tlqg ree_very_ dt_ogue _nflatt,_n wa_ sim_llated
f,u' dopl<)yment at an (_ff=nomimd tJ,ajectory condition. An initial altitude of 40, 000 feet and a
dynamic pressure of 1|9 lb/Pt 2 wel, e used. The lfl percent p_rosity drogue with no $RD wake i_-
t_,'rfi;rvncc and an SRB weight _,f 171,400 pounds wore n_sumed. Reefing ratin and reefing time
were kept a* non_inal values, .Maxi2]_um second stage inflation load of 280, 000 pounds is seen tn
be vbout the same as that for a $1nmtnal deployment.

I

J._
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SRB DROGUE INPLATION m HIGH ALTITUDE DEPLOYMENT
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SRB DROGUE INFLATION-- POROSITY = 16 PERCENT, 12 PEIICI_NT DRAG RI"DtICTION Dill.:
TO SRB WAKE

Wind tunnel tests conducted by NASA (Ref. 3-6) on scale models of the SRB drogue in t|le
presence of the SRB revealed a significant reduction in parachute drag due to the SRB wuke. Mnxi-
mum inflation loads for the 16 percent porosity drogue with the drag coefficient reduced by 12 peP-
cent (typical of the wind tunnel wake interference results) are seen to he reduced from 280, 000
pounds to about 250, 000 pounds. Reefing line length was increased from the no-interference cast!

i to balance first and second stage loads. SRB weight remained at 1710400 pounds.

i

3-20
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SRB DROGUE INFLATION-- POROSITY • 16 PERCENT, l_ PERCENT DRAG REDUCTION
DUI!,_TO IBRBWAKE
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Silll I}I|OcIU I._INI,*I,A'rION _ pOIIO_ITY ,. 20 Im"I.IL(.I:,NT."' ' 12 I'"1.11(,I,N1• I}l|A(l I{I,:I)IH..'TII)N I)UI,:
TO .qliB WAKH

Wind tunnol data frt)m llof. 3-6 indicated that for a 54 ftJot ehuto with qO foot suspen_ion
|Joe, H, a 20 por_ont poroaLty chute wou|d bo requirod to provide the doslrud drag in tile SltlJ wake.
Aft_,r incronsiitg tile roofing lino length to balance maximum loads on both stagos, the maximum
inl3atlon loads for tile 20 poreont ')oroellty drogue in tile SRB wako woro approxlnmtoly 220, 000]')Olllld8,

• .IP

--" " "qll
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SRB DRCOUE INFLATION _ POROSITY • 20 PERCENT, 12 PERCENT DRAG REDUCTION
DUE TO 8RR WAKE

.... . _ mm .., _.(
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.qRIt I)It(K:III.: INi,'LATION -- POR(_ITY ffi20 PFA_CI,:NT, 12 PERCI_NT DRAG RI,:DUCTION DUE
TO BRl_ WAKI_+ 10" 121+C PITCII IK_WN ItATL,:

The effect of _m tnitt_tl pttoh d_wn rate on $RII drogue infiatton t_ds was investigated. An
initial pitch rate of 10°/see and an Initial 20* nose up pitch attitude were used. The maximum in-
flation load on the first stage occurs when the SRB is approximately horizontal for this set of
initial conditions. The pitch rate effect is seen to increase maximum tnfiattnn lo_ds from 220_ 00G
t_J 226. 000 pounds.

00000001-TSG03



SRB DROGUE INI_LATION -- POROSITY • 20 PERCE_r, 12 PERCENT DRAG REDUCTION
DUE TO 5RB WAKE. I0*/SEC PITCH DOWN HATE



SR[_ DR(X_UI_ INFLATION _ REDUCTION IN FIRST STAGE LOAD

Duo to SRiI structural dnsign considerations, it has been suggested that the first stage drogue
foliation lo_td be less than the second stage |cad. First steg_ load subjects the SRtl to large hend-
in_l moments while ths second stage load citrons only minor bending moments. A series of inflatior.
simulations with smaller reefing line len&'ths were run. A 20 percent porosity drogue with a 12 per-
cent Sillt wake effect was used. An initial pitch down r_te of _0"/sec and an initial p_¢ch attitude of
20" n_,ae up were assumed, an SRll weight of 171. 400 pounds was used. From a balanced load con-
dition of 226. 000 pounds, a deliberate load unbalance of 140. 000 pounds minimum and 310. 000
pounds maximum was obtained.

00000001-TSG05



SRIS DROGUE tNFLATION m REDUCTION IN FIRST STAGE LOAD

3-27
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aRT{ DROGUE INFLATION _ R_FING LINI_ LOAD_

A unique feature of the analytical inflation model is that reefing line loads are calculated
along with other elastic loads in suspension lines sad radials. The maximum reefing gins load is
merely the hoop tension resulting from the radial force required to restrain the mass concentrated
at the parachute skirt. Load/strain date for the reefing line material must be input into the infla-
tion program. The model provides a very conservative calculation of maximum reefing line tension
because the largo mass concentrated at the parachute skirt causes a dynamic amplification which is
considerably greater than the actual condition where mass is distributed along the suspension lines
and radials. An attempt was made to filter out this dynamic effect by adding critical viscous damp-
ing to the reefing line force and plotting only the elastic part of the force. The critically damped

case is considered more realistic for design purposes. The nominal initial conditions were as- ,
sumed for both cases except that an initial pitch attitude of 20 ° nose up and pitch rate of 10 ° per
ascend nose down were used. Calculated reefing line tension for the undamped case was 4100
pounds and for the critically damped case was 3450 pounds.
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SRB DROGUE INFLATION --- REEFING LINE LOADI

00000001-TSG08



NOMINAL CONDITIONS FOR MAINS INFLATION STUDY

i

The configuration used for the SRB main parachute Inflation study is defined in Rof. 3-4.
Throe 104*foot diameter 20" conical ribbon parachutes with a suspension line length of 104 feet

I' form the main cluster. An average porosity of 16 percent is specified for the main cluster. The

_i basic inflation model was used for the main chute inflation analysis eucept in a few cases wheremultiple independent parachutes were coupled to the point mass forebody. Initial conditions at the

start of main inflation were obtained from NASA SRB trajectory studies. Main parachute inflationwas assumed to start at an altitude of 8860 feet and a dynamic pressure of 147 psf with the SRB in
a vertical trajectory and a tail-first attitude. Nominal reefing time delays of 13 seconds and 5

_ seconds were specified by NASA.
k

f"

g,

L

:_- 30
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NOMINAL CONDITIONS FOR MAIN INI?LATION STUDY

• MAIN CONFIGURATION • ASD - ASTN - 1816 (REF. 4)

• INITIAL ALTITUDE = 8880 FEET

INITIAL DYNAMIC PRESSURE = 147 LB/FT 2

• • INITIAL TRAJECTORY ANGLE • -90 ° (VERTICAL)

• INITIAL SRB PITCH ANGLE = 90 ° (VERTICAl.)

• FIRST REEFED TIME DELAY _ 13 SEC.

• SECOND REEFED TIME DELAY • S SEC.

1
I

k_

3-31
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SRIi MAINS INFLATION m NOMINAL CASI','

In_the initiLil analysis of the Bl_13main chute inflation tile configuration specified in Ref. 3-4
was input directly into the inflation model. All three parachutes were assumed to inflate in a per-
fectly synchronous manner. The maximum inflation load of 130, 000 pounds per parachute pre-
dicted on the first two stages was similar to NASA predictions. The predicted final stage inflation
load of 125,000 pounds was siffnifieantly higher. A rapid final erase inflation resulting in n larger
than expected final stage load was also observed in tests of the Bandia developed 7_1foot chute (Ref.
3-3). Since the inflation model correctly predicts this behavior tile predinted final stage inflation
loads for the SIII_ main chutes are considered realistic. SRB weight during main parachute ope_,c°
tion was assumed to be 150, 000 pounds.

p
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SRB MAINS INFLATION--- NOMINAL CASE
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i'

SR|_ MAINS INFI,ATION _ NONSYNQHRONOUS DISItI_']FING

: Cma of thu majoL" problems encomltered in the usa ef Pasted parachutes in clusters is tile

p_'oblo_ of non_ychronoua d_.sroefin_ of individual p_rachutes, This can occur if inltintion of nll, cutter time delays is not perfectly slmultsneous or if tolerances in cutter time delayA cause Big-
nificantly different dleraef times, Noneyuehroneue dtareeftng usa cause unectual landings tn p_tL,a-

': chutes, and since it is not known ahead of _imo which parachute will inflate first and carw the
I' largest load, all parachutes must be designed to the higher load experienced by the "lead" par_-
'. allure. Ia order to estimate the magnitude of this problem the inflations of all throe paraclmtes in

the cluster were modeled independently using the inflation program. Time delay to!arancu_ for
. pyrotechnic reefing cutters are in the range of _ percent tc 10 percent of delay _lm_, Infly, titan
• loads were calculated for an early disreef of 15percent and 10 percent of the larges_ (_,_ _econd)
' time delay en one parachute. Maximum inflation leads on the lead chute wary ;':_r_xim_tely
-_ 145, 000 pounds. The difference between this value and the nominal value ws_ within1 the tmcqual

! loading toh;rance being used by NASA.

F,
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SRB MAINS INFLATION --- NONSYNCHRONOUS DISREEFINO

§% Eer_ ]_.ereef
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Sl_ll_IAINS INI"hA'['ION-- NOMINAl, CASE. INCREASEID SRl_ w_llcJllT

The nominal {perfectlysychronous) inflationof the SRB main clusterwas sirnulatedfor an
incre_.._ein.qRllweight to 167,000 pounds during main chute generation. Maximum inflationloads
wer_ iecreased slightlyto about 135,000 pounds, and the finalstage load was increased to a level
oe;trlyequal to the firsttwo stages.

00000002



SRB MAINS INFLATION _ NOMINAL CASE, INCREASED SRB WEIGHT
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L

SRB MAINS INFLATION m HIGH ALTrrUDE DEPLOYMENT

_ The effect of deployment of the SRB main chutes at a much ht_her altitude 135, 000 feet) wasinvcstigated. Initial dynamic pressure, reefing line lengths0 and reefed time delays remained un-
changed. Maximum inflation loads on the second and third stages were increased to about 160,000
pounds. The increased loads at higher altitudes is expected sInce at higher altitudes longer delay
times are required to provide a given amount of deceleration.
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SRB MAINS INFLATION -- HIGH ALTITUDE DEPLOYMENT
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SRB MAINS INFLATION _ RI_I_FING LINI_ LOADS

Maximum reefin_ line loads were also calculated for the SRB main chute_ using the inflation
prngram, l_laximum loads for no damping (0000 pounds) and crlttcvl dampin R (5000 pounds) in the
reefing line were calculated. Of these, the lower value for the critically damped case is considered

more realistic for design purposes. An SRB weight during main chute opera_ion of 167, 000 poundswas used.

!
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SRB MAIl,S INFLATION m REEFING LINE LOADS

No DampinR

Critlca|Dampinl_
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S['MMAIIY {)F VACTORS OF SAI,'I_TY ON I)I[OGUI'_ AND MAIN PAllACIHJTI_

This table summarizes the results of the CANe structural analyses conducted on both the
t|t-_guo and main pLtruchutes. If, as Indicated on the drawinRs, the Intent is to have a factor of
_._fat," _f :;. 0 in the pt_rnchute de.sign, thlm goal has been met in all are.an but the suspons|on lines
_ft_drngucchute. In fact, the unalyaiaindicateathat the strength ofthe, horizontal ribbons in
sh<. drogue and the main chutes as well ss the material strength in the radials of the main chute
could he reduced substantially with some associated weight savings.
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SUMMARY OF FACTORS OF SAFETY ON DROGUE AND MAIN PARACHUT]_

Minimum Factors of Safety in Factors of Safety in

Radial Horizontal Suspension Reefing
Elements Elements L:_ea Lines

Drogue Parachute

Fully inflated $.$ 4,9 2.9

Reefed (0, 80) 3.4 4.9 2.9 7.4

Main Parachute

Fully inflated 4.9 9.5 $ .0

Reefed (0.464) 4.9 '?, 6 3,1 3.9

Reefed (O, 18) 4.9 7.4 3.1 7.0

NOTES:

1. Factors of safety are based an rated material strengths.

2, All Joint eff!clencies were assumed to be 100%.

3. Drogue parachute riser load was 229,7S0 lb.

4. Main parachute riser load was 132,833 lb.

4-3
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i T[{I'.CANe _.OMPUTI,',RPROGI_A_.t

i {!AN()Is a parachute structuralanalysis node which was developed by the Northrop Corpora-

i thin, Ventura l)lviulon,under a NASA contract. The program predletatileinternalIt)adsand p_ru-chute shape resultingfrom a specified riser load and applied pressure distribution.The amount nr

I detail in tile analysis is governed by the numbez, of elements used to model tile parachute structure.Present versions of the program allow the use of up to 300 elements. Various elom_.nts, such as

i horizontal ribbons, sails, skirt bands, vent bands, and radial tapes, are analyzed _e deformablemembranes. Nonlinear material properties are modeled in a pieeewiae linear fashion.

i_ Although the code performs a static analysis of the modeled structure, our use of the code
has, to some extent, taken into account the dynamic response of the parachute. TilLs follows from

_ the use of peak riser loads predicted by DYNAF]LATE (see pa_e 2-16) as input in tl_e CANe analysis.The assumption that all meridonal loads are reacted by the radials m,_ans simply that the true ef-
fect of vertical tapes cannot be determined. The strengths of adjacent .,erttoals are lumped into
the radialstrengths in the computer simulation of the structure. This provides a reasonable ap*

_i prvximation to meridional stiffness but does nothing in the way of predlctb_g the effect of the verti-

cals on the configuration of and loads in the horizontals.
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T|_ CANO COMPUTER PROGRAM

Capabilitie_ i

Structural Idealisation of 1

Horizontal ribbons

Skirt bands

Vent bands

Vent lines

Radial tapes

Sails

Reefing linea

Suspension lines

Nonlinear Material Characterization

Prediction of Intornal Load Distribution

and Equilibrium Shape

Limitations

Static Analysis

Model Assumes that All Gores ere
Identical

No Horizontal Variation In Pressure

All Merldlonal Loads Reacted by Radials
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i 1'[I;_4 \ i| I! _ _'I_I"' llll_ I _l illu,_tz':It_'_ lilt_ h_l_lJc pri3ectilul'e llsl_d iii ,ii_c_'t!ti_<ill_ th_, dr, ,i{H_r :,i_,;
_! :1" _;I i_l III_ _ I ;1_i1' ill,l_tl',t[('r]. ;IS \_.'l"A[ :IN All the ]_l[iAn |/rid d_-t:!!tl( _ l)_l':Ll'_l_ltt. ;filial\ _;_:i , r!_!}

I_ _t I,_' ._n:d',_'_. :_ mdic_at_d in the, i[lut4tr_t[on, t'adial stz'en_,_ths at'i, input _ tolal l_i c:=p_cit. _ ,

,.!:i1,, !_.,z'_ ',,ulaA _ly_ngths art, tllpllt in 1o_,1 13t_P inch of oleme_nt wi_ilh, x._'llet.p nppropriat,_, the,
, _ii I _II't.ll_<,tll:_ iI_l'ludP l.Jll! :_tz',_11l_|[I _11' t'_v(' ad,i_lCellt vcl'tic:_ls. 'A'_' ]Al'_-;i _lld last t!At.!?:_-,llt in ttl_ •

: q't, ,_:_,:_i _,,, l,,e;,t_.d at t_lt, f_ll _dg_ • I_| the, w_nt band and the l_otton_ ed_l_. ,_f the _kirt A_at_d. Pospe, *

I:_', I\ }'l,t'_h('l'l/_._t'_' tilt' _;idth :)f these! t_vo _h_n'_ents is _Alec_fi¢,d as twic_ thl!ir actual V,_dth.

i_ _:_\ A_" _Ce_l that tl!e elements ar_' !lllnlbeP_d ill sequcnc_ fr_l/1 ;lie v_nt band to the SkAl-t
, _,t Fhis is oppo._ite to tile convention Ol'lgin_ll 5 used in CANO. Thl_ revi._iorl was nmdo no that

i) _ ,N,* ip.put wonld foAlow the numbering convent:on eomm¢mly used on parachute drawings,

L
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_l _I'J _1{I.%I. ( 'I;A RACTI.;IHZATION

1 ,_:uI vt.t'slts strain infm.t._ation WaS not avait_,:ole for the vast majority of _xi_terials ._peci-
"i,.,! h_ th,, (h.oguo _n(t ll_ain parachute designs. Tile material characterization used in the (.:AN()
_TJl','._itz w:..q {_btatlled fPonl tests on 52 specimens from ten types of nylon webbing, The nonlinear
:]_,:l,,t i::l h.h_vior was approximated in the piecewise linear manner indicated by the dotted lines,
r_lit' t '& _) ('{lde Ita_ the capability of uairtg up to seven straight line segme,_te to approximate non-
lh_t m" l_a_eri_lbeh_vior.
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MATERIAL CI-_ RA CTERIZATION
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F"kII,UllI". INI)I(.I'.,. FOR I)Rt_UI_ l AItACIIUTFo WITII liLl.l ING ItATIO O1," O. t_I_

On thisand oU succeeding curves describing CANe results,the elements are numbered
frontthe ventband to the skirtband. Tillscorresponds to the conventlon previouslydescribed for
CANe input.

"F._ilureindex" is definedas load/rated strength. Thus, the failureindex defencethe

i proximity of the material to a failurestrength. Itis Implled here that,for the nylon materials

used, failurewill occur at the rated strength ofa material.

These curves present a rather concise, yet complete, pictureof the load distributionin
the parachute canopy. The dlscontinuiti_._which existape due to changes inmaterial strengths
and corresponding stiffnesschanges. An example ofthisisthe effectofthe horizontalreinforce-
_.eutinelement 73 which may be observed on thisand the followinggraph.

Itmay be seen thata considerablevariationexists in the value of fellurcindex ofthe hori-
_:.,ntnls.Tbts tsgenerally true for the horizontalsinboth parachutes inthe reefed and fullyin-
fl:_tedconditions. Itisconcluded from thisthat optimum use is not being made ofthe material for

_! the pressure distributionand riser load under consideration.

i For _he reefed drogue, lower strength horizontalscould be used in allareas ofthe strue-

i tm'e. This conclusion isbased on the stateddesign factorofsafetyof 3.0 and neglectsjointeffi-
et,_ncle_, r_atcriaI property degradation due to temperature effects, and ()tiler sinlilar cons!darn=

t _iot,_. It sF1_ald also be restated at this point that nylon properties for the z_tertals specified on
the parachute drawings were not avail;_bleand thataverage properties from testson numerous

| t_p_.__t' _xlon webbing were used inthe analysis. _IoPe analyses usinglo:idvev_tl.qstrain infor-
z_ti,Je_for the n_atez.ial._ set,any specified in the design is recon_t_ended prior to :_ z'_,,i_._Ign.

"['he ._tren_th of the radials appears to meet the dPsign intent n_ore closely than the hort-

F.
t
t'
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FAILURE INDICES FOR DROGUE PARACHUTE WITH REEFING RATIO OF 0.815
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I \ll.llJtlZINDI(;I_.'-;I,'()I_l.'(II,I,'1"]NI:I,A'I'],U))]{()(_UV P'_,R:_(!IIUT}.;

'J'ht, _:_:l_i11_tllll V_|tlo_ c)f f_tJlure llltl_x in both tfle z'_|(Ji:_|_l :till] I_oFi_ont_.l._ _re n_ls:y tll[_
:,: , ,' ,_ _ tht,_ w_*l'(, £_t' tho I'e/,ff_d _l'O_llo° The horizontal _.ihl)_ln.q _lre .qtr/,,q.qed nlore !li_,_}lly near
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FAILURE INDICES FOR FULLY INFLATED DROGUE PARACHUTE
I-

t

°"°r..... _.L-__t:_-_.......
• ,°[

0 20 49 60 80 ! 00 )20

Element Nmtlber

.I-I .

O0000002-TSB08



l"All.t+Itl'. INI)I(!I.+S FOIl MAIN I+AItAClIUTI.,+ WITH ItEEFING ItATIO OF 0, 18

3"1e (.AN() analysis indicate+=] that both tile radials anti horizontals have heen significantly
l:_2,_*vt'rsiz"d'_33lb. The riser IcJad for this and the other two Inflated stages of the main parachute was
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FAILURE INDICES FOR MAIN PA RACHUTE WITH REEFING RATIO OF 0,18
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I*'AII,IJHI,: ]NDIc]:S I"()1_ _!AIN I,AItA(,IIUTI,: WITII R|::|,'I;'ING ItATl(b el,' 0.,t6.1

'I'II(_n_tlXi_lltll_vc,ltletlof failure index are approximately the same as fop tPlecase whet,(}

the Pe,,fing ratio was O. l_l. Again the analysis indicates that consl(lerable amount of material
slee_=gth and some associ.ated weight can be cut from the main parac/mte design.
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FAILURE INDICES FOR MAIN PAILqCHUTE WITH REEFING RATIO OF 0.464
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I,'AII,tHth' INI)It',I,]S FOIl I,'I_LI,V |NFI,ATI.'D MAIN PARACHUT|,',

The m_ixlmum value of tilefailurehldex intileradlnlsisnpm'oximately 0,_ at_itwns in the
_mdysis _f the _,eefed stages. The p_ak failure index for tile h_ri'zontBl ribb_n_._ ha_ dropped fr_m
O. 13 fop the Pealed stages to O, 105 for the fully Inflated condition, The allalyses for =ill thrn_' in-
_ation ee_ditions thus tndie_tte that the minimum factor of s_fety Ln tl_e rltdiais =_nd horizontals i._
,_pproxh'_ately 5.0, Tile tabulated results presented on page 4-S tn(lieat_ that tile suspensio_J lines

_, _re tile weak link in the maiu parachute aa they ape in the drogue.

i
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i
i FAILURE INDICES FOR FULLY INI_ATED MAr_ PARACHUTES

O,40

. D_silrn Gollmu m _m_m i_n_l_ m m m m m_

0.30
t _ _ l_dtals

g

0 50 100 1SO 200 2go

Element N_m_ber

_o1!b

O0000002-TSB14



I I t I.'_ IN 'I.\Pt'_IJ MAI\' I'AI{,\(IIIIYFt.', (_ANOI'Y ,_IIAPI'_

In :Ldditi_)n to c:tlculatirtg loatl az_d stl'aill digtrll_utioll in a p,apachutc_, the (',AN() computep
!_: ,,_,_.;_T_, _tl_,_ fletet'l.lil_p_ _trl equllil)z'iul/_ t_anopy ,-lhape. Tho prodlctod main pa2,,qehuto _h.ape fop
,h, :_:11_ irlt'l._t.,,I c,mditJ_._n is pl'e_l_nted Ilel_e, 'l'he ortlJrtatt_ o1" the g/'_ph L_ t}le eerlterline t)l' the

, ::_,,p_ . 'l'he _lid liue l'(_pl'_,_el_tt.] the deforl_led Bllape of the l_adial._0 Tho. dashed lil_t_ j|hl_tl'ater]

!!,,' _:]_:Lp_, _,f t!t_, f_ u'e ¢ent_l-lit_e, and ttadlodlt_ th_ amount of t_ore bulge.
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FULLY INFLATED MAIN PARACHUTE CANOPY SHAPE
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I, ,\ [_A(' I IUTI.: OPTIF,|IZ A'],'tO_

I_[.cgll_l, of tile nature of paracimtc structures, they land themselves well to optimization.
\ modified vel..eion of CANe(called CANOPT) exists inwhich parachute optimizatlor is attempted.
Tht, c_de attempts to match material strengths to loads in tile individual elements. An iterative
pl'_c_.duP._ i_ eal-ried oat until tile strength of eacil element is within :t specified limit of the load
Lt_ L}+_" t'li_tl_t'llt.

|tt_mtr,_tvd here arc the results of _n _tte_pt to optimize a t4-foot ribbon p_raehute. The
,_t-i_it'.al h,_]'izot_tal ribbon selecti_m resulted is a conservative degi_n in all areas relative to the
h,,_ired g_al, A!tho.gh the optimized structure does not achieve completely tile design intent, it
* ,._es flu' e|o._er to this goal than did tile original design. For thi_ parachute, the analysis pre-
dic_t.d th_tt a savings of 45 percent in horizontal ribbon weighs could be realized through this op-
ti]_]i/atiol... This result assumed that an infinite val-iety of material strcngth_ were available from
w!tit.!l ._ l_:_ra_itutv eosld be constructed. The well,hi savings for a buHdable ¢llute wo_fld 1)e approx-
il,'_ttt_t_ _O perce_t.

'I'h_, )arRe changes in slope betw._en elements 13 anti l_ -.rod between elements 20 and _3 az._,
t el;,_,,d t., |;{l'_t! di_(:_mtinuith.s in horizontal ribbon st_.ength:t specified in tile _)riginal de._iL'_. 'rT.;
_,_ t _.f!'_'_t w,,uld b_, ob,_erved at locatiotls of tile hoz'izc_ltal ]'einfor_.ement b_ml_ in tryin_ t_ olHi-
; j.'_, t!t__ dl',_g_l_, an(| In:tin i)_tl',"tchutes.

.... - = - O0000002-TSCO:



r

PARACHUTE OPTIMIZATION
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S_RESS-STRAIN CURVE U_tC_DBY ADVANCED CODE

O'

STRAIN )'- ¢

NOn:il< 42< ¢3

STRESS-STRAIN CURVE ACCEPTED BY DYNAFI.,ATE

$

STRAIN )m (
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ENVIRONMENTAL/FATIGUE CYCW,ICTESTING FOR PAflACIIUTE MATERIAI,S

PROP(_ED "FATIGUE" CYCLE FOR PARACHUTE EXPECTED RESI_LTS FItOM _\IATE[IIAI
•MATERIA I.S TESTS

ffIOH ':

" ow ,_

TAIl ING ILOHO_I,ON

[NVIRO_F,'d[NI'AL

UI_CTS WORKING L

_,,__ p STRESS

I (eflof N t#cleL)

___ FAILURE
|tONG&lION

NAMICTESTING

|NVIRONt_f_TAL
_FECT$ WORKING

_,..._.._...,,.,_ e STRESS i,_ cvc.s

|

• I
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tlIGtl STRAIN RATE TESTING OF PARACHUTE MATL_RblLS

STRAIN RATP f,,EFFECTS ON TYPICAL

NYLON FIBER8 AVAILABLE DYNAMIC TESTING E_t:IPMI_NT

Iol * BROPTOWTR-NASA,SANDIA

0 m
_ Ibl !

JSmA|N

LOWSTRAINRATE HIGHSTRAINRATE * HIGHOACTUATOR- SANDIA

BREAKINGELONGATION ]10.4 1_,1
BREAKINGS1._EPIGI'H 4_2 1_,4
INIIIAL f,IOGULUS 350, 1400.
ENERGYTORUPTURE IW, 52.

• i"I
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IJ_ N _11(! .';'1'1{! (?I'I!IIA1, AN,_I,YS|S ()1_' I'AI';AC_IIU'I'I._'_ Wl'l'fl ."_N_%I)VANI_I.31I (It)l}l._,\,k :L¢tvr_l_¢'¢,cl¢'_,11_ptltel, pl'_/.[l'lll',l ifl unll_l cl(_v_l(_pnlont tilt1! will nl _c(1 tile ctOmlllotl, tlll, q!f.-
'ljl_t'tlSjotl;,I !ltPlll:tul'_l! Pt!_Jlon_;,_ of a pL_l'a(_llutl_, {)Ut])tlt of thi._ ec_(lo wl]l dof/l_o tJl_ motion _f _

_h_.e will lm _:,_]nput_,(I !'el" t'ad!ul te_ll¢_s, hori?.ontL_| l_ernbo_,_, :_d _u._pens/on lirle.%
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TYPICAL DYNAMIC PERFORMED SHAPES COMPUTED BY ADVANCI_D PROGRAM
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DROPTESTPROC,RAM
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ISA PARACHUTE DROP TEST PROGRAM NECI'SSARY?

• A FLIGHT TEST PROGRAM ISAN ESSENTIAL PART OF THE DEVEI.OPMENT
OF NEARLY ALL STATE-OF-THE-ART RECOVERY SYSTEMS

• THE SRB DROGUE AND MAIN PARACHUTES ARE NOT WITttlN Till-- DI-:MON-
STRATED STATE-OF-THE-ART

• TttE PROBABILITY OF A SUCCESSFUL REGOVERY ON TIII- I:IRST FLIGttT
WITHOUT A DROP TEST PROGRAM IS SMALL--1.ESS TITAN 20 PERCENT

• WITHOUT A DROP TEST PROGRAM A PARACHUTE FAII.URI'-" ON TEF I, IRST
FLIGHT WOULD ALMOST CERTAINLY BE DUE TO A DI'SIGN DEFICIE'XC_"
RATHER THAN A RANDOM COMPONENT FAILURE

• ALL SYSTEMS IN EXISTENCE AT THAT TIME WOUI.D IIAVE THE SAME
DEFICIENCY" AND WOULD ALSO FAIL UNLESS RFrIESIGNED

• "1"t1_2PRIMARY FAIl-.ERE ANALYSIS AND REDESIGN ,,J)l. 1N PARACItUTI_
TFSTING IS EXTENSIVE PIIOTOGRAPHIC COVERAGE

• PIIOTOGRAPHIC Ct)VERAGE FROM BOTH REMOTE ANt) ONt_)AIID CAMEttAS
IS RF-QUIR El)

• GO()l) REMOTE OI)VERAGE FROM CHASE AIRCRAFT ANI GI_OUNI !_'IATIONS
1._ MOST ESSE'NTIAL

• Gilt)l) IIEM()TE PH_ rOGRAt)IIIC COVERAGE O1: RECOVIA_'f SYSTEM()I)LItA -
"rl()NS %_oUl.I) liE EXTREMEI_Y DIFFICULT DI'RING SRit I I.IGII'/S

• TIlE DATA REQUIRED FOR A SECCI':SSFUI_ I_,EDESIGN "_.OUI 13 N_'I" I_l:
AVAILAIII,E

. , F, -K• TI':I.EME'fERI_D l)t_TA IEVENTS. I.(IAI)S. ACCI.I.ERAIION. , ETC. } I'l_OV[I)l:
A SI:CI)NDAHY I.AII ERE ANAI.YSIS 1"O()1.

• Till': IJItI.MAR't " VALUE OF TEl EMETRY DATA IS TO VI':RII-'Y TIlE AI)Et#UA("f
OF OR ALI.Og IMPROVEMENTS ON A SYSTEM WttICtt AI.RI':ADY WOHKS

• A RECEIVING STATION IS REQUIRED TO OBTAIN TEI.EMI'-TRY DATA

,D (!*NIIOARD REO[)RDED DATA (MEASUREMENTS OR PIIOTOGRAPflS) ARt';
I)IFFICULT TO REOt)VER IF A PARACIIUTE I.AII.URE OCCUltS

• A DEVI::I(If'MENTAl. FI.IGIITTFST PROGRAM F()R Till.:SHII [II-:(1)VI:IIY
SYSTEM IS I.:FSENTIAI.

• I,;ARI "1 I_lll)S'l'l:tl I"I,I(;IITS IX) NOT PROI'II)I: AN AI'('tJI_TABI l.: I;NVIIR)NMEN'I
l.¢)III)I.;VI,:I.I)I'MEN'rAI. i;l If lilT TESTS

• • _k I'l'll AN ,.M)I;tdI'A'I'E I)R(H' TEST I'IIO(IRAM Till, :'II()BAI_II l'lY ()l A hI'(-
('ENSI. FI III;('I)VEItY {IN Till.; I, IRST I.'I,lflttT IS I AlI(;l:---80 l'El{('l:N'l (lit
OIIEAT,.:R

. s lli;Vl:l oI'XIENT Ol Tltl`: Nlih Rl:(ll'_.ICIUt ' SYS'I EM SII()tI I_ N()I lIE ATTI;MI'TED
• ) ,- , ,,.P_ITII(_I-I' A tll:A._NAIll.l: J_lI()! ll',SI I'RcI(IIIAM

f.
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%_,IIA'i"|K_l)_'[tJ¢ IX,_*I|iI"._II;,'_'iATION IL.()U|.I_ Ill. ]il,Ql_If_l.I:
IF N(i l)ll(ll, "II:_T I_IttlGIIA_! WEItI: CI),'_lll_("i I;I) "_

IILEN',ETRY (M ¢t'L_N_ELS

STRAINGAGES

2 EACHf,_IN 6

) DROGUE 3

BIRO S_.'IITCHPRESSURE i

DAIGSWITCHCLOSURE 1

OTHER[VENTS
TOTAl. 15

REQUIRE RECOVERYSHIPFORCAIY..ER/'S

TMRECEIVERS[ATION{50CHAf_._ELSi

RADAR1RACKI,_G

REMOTEPHOTOCOVERAGE

BOOSTERINSIRUME_,;ATIO._REQUIREO

IF NOPARACHUTEDROPTESTPROGRAMIS COND_CTE_

INSTRU_AENTATION CO',_;'£_,TS

CAI'4ERAS- 8 _ECOVf_AB,.E,;_TH

4 - SlOEVl_/ FLOTATIO_/_:,D

2 - ENOVIEWDROGU,_ LOCAT;O_GEAR

Z - ENDVIEWMAIN

TELEMETRY TM CHA,_ELS

3 - AXIS ACCEU[ROME'flERS- 2 6

| - AXIS GYROS -2 6

t
I
t,

t .
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I_STPROGRAMOBJECTIVE3

• I. RE-USE

2. VE.UlCLE-DROGU[DYNAMICS

3. DRO;UEPERFORMANCE

A. DEPLOYMENT

8. INFLATION

C. LOADS

B, DRAG

d. SING_MAINPERFORMANCE

A. DEPLOYMENT

B. INFLATION

C, LOADS

"" O. DRAG

5. MAINCLUSTERPERFORMANCE

k. DEPLOYMENT

8. INFLATION

C. LOADS

D. DRAG
F,. .,_TABILITY

F. DYNAMICSAT IMPACT
6. RE-FURBISH
7. RETRIEVAL
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I. RE-USE

t A. SHOULDBESTARTEDASAP

CANBESCALEDEASILY

C. NOTD(P[NSIVE

USED(IS'rINGCHUTES?

L DONEIN CONJUNCTIONWITHLABTESTS

q

i 1I
J

3-!_ ., . q
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VEHiCLE-PROGU[DYNAMICS

A. CANREALISTICALLYONLYBEDONE

ONA SCALEMODg.

I

D. SCALESHOULD8[ AS LARGE

AS POSSIBLE

C, il2 SCALE( 6 FTDIA, 10FTLONG,

4LOCOLB)15FEASIBLEUSING

_2 h:OTHL'_SHiP

O. MUCHSMALL[RSCALEWOULO

GIVEQUESTIONABLEDATA
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I)|_(/Gtlt,_ 1_ER1,'()|I M ANCE

tih' ,VL'_bl_Ll,"I_;,l';L_'hllh' ,_v_h'llL. I),.})|_yJn,,nt t,'S[S _JL(_II|II h" III;IclL_ with lU)l _cn|,, i_Ll',lchut_,_ and th,.

IIlf'J;_th,_l tt ._._ _h_nlid I_,' tl,;l_l,, w_Lb the' be_vi,_t _'_igJlt I_O,_ibh , in _l-_l_l" to ol)tu_ll illrJati_).r_

r t_t_,,:t II,,:LP tbo:;t, _._[),.c.t,.i_ ill [h, ¸ flll_lJ c_nfJ_t_,_tinn. An Jncr,._l.Ne il_ _[},,,.(| 13]_l_,_)_, i_,c_,_sol, y to
|

'| n _*,t ll_L_l ]lll',)l'_l_ti(_r_, Spt'_'d_ Will h_lW' tO I)(' incrl,as_.d _lF)(_v,, (h'si_!ll sl)(_'d in ord_,t, t_) g_.t

ii I)v,.rt, _tm_.. _s d_._z_'_d_}_, t_ prov,, t}_al an adequate design factor is attained.[)r_l_Jnfol.IY._[l(inCEll]h(_oi,t_tin_,d(iP,the.above tests, so _o sp,.c_alt_,stsn,,_,dbc ,n_id_:to _t
f_n:d lh'a_ dat_,.t

i'

_..

t.
h

k;

:
1
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3, DROGUEPERFORMANCE

! A. DEPLOYMENT '

(I} FULLSCALE,USING0 FT DIA VEHICLE

USEDFORVEHIClE-DROGUEDYNAMICS

q (2) CA_IBEUSEDTOCHECK';CAl.[EJ:EECTS

B. INFLATION

G) USEHEAVIESTV;/TPOSSIBLE

12) GONEATDESIGNSPEEDAND
HIGHERTOO_ LOAD

C. LOADS

(I) HEAVIESTWEIGHTF

[ (21 INCREASEDSPEEDTOGET151'STAGE
O) ALTERREEFINGFORFULLOPENLOAD

(4) NEEDTORELYONCOMPUTERTO

i PREDICTLOADING
(5I OVE_TES,rISTAND2NDI?) STAGES

O. DRAG
(I) GETDATAONABOVETroTS

t (2) NEEDTOKEEPWEIGHi'UP

4
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,_l,_,(il.l_] ),I.,_1% I_HII-'()|I_,IA_,('I;

J

O0000002-TSE01



r

4. SINGLE MAIN PERFOI_/,ANCE

A. DEPLOYMENT
4

II) Wf OF 5).000 + L& IF POSSIBLE

ii

121 VEHICLE SHAPE NOT IMPORTANT

8. INFLATION - SEE ABOVE

C. LOADS - SEE ABOVE

D, DRAG - SEE ABOVE

I
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F

E

i
f MAIN CI.U._TI':I{ I_I';RI"ORMANCI_

Ill I.[1_ li!'i' '.)._ "_tlt'!l :_ l_l['J]_ _}:ll*;i('hil|l" Ill il clust,_r al th,' slh_ d lnvolvt,d, d,,pl(lym,.nt ill]_ lnltHtl

Ltlfl.tti,_n ;ll'_" Ihl, hight _l llt'_ll_|l r,l_ alltl_'q_;_t_ d. T_'_till_ .qhould [jL: dorl(, with the' l_t'_}[)('r pack ('(_fl-

'.'_lli';tti,_rl. _ ti1[,_ _, itich, _ih:qJ_ ¸ 1_ t-_,liltl_,L*ly unlmpq_l.tantm |li_h w_ lght 18 of pt-lnl_, c()nl'l.rn.

::me _i;_talrop._th,.sm_l,, ehut, t,._ts,the rel,finRcan ht a|t_Ped to obtain prnl)er l_adin_ f_r

lit _f" ;l!_i _l_;lllty dllt.t Ciili I,_. _ath,'r*'d durin_ the abort- t_.sts, _t_P[llln_li speed _:ill !.' low

,tit," t_. Ii1,' lt,_ \_'l}a_It m I)/11 q_.lL_hlailVt inform[Rion c_n I)e ol)tained ot_ stat_ilit>'.

I_ dr, q_s (._dd i_, m!idt, o'¢_.r water, impact dynamics nnght he, studlPd. Because, of the w.loc-

I it,, !,, in_ _*,l*t)l+:b{and ;i _uitiiill.= D'st SI.t(_ riot I)(_irl_ readily avallabl(_, it is felt t[l_[_ impact dynamics

%__til_l_ sh,'_lliti t/,)i bt' dOl_, 11_eot_til_etlt>t_ with %hi, al'_o'qt_ tPst_.

t,

i

!
t'

t
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5. MAIN(,LUSTERP_FORMANCE

A. DEPLOYMENT

H) N_'OFORPACKSHAPETOBERIGHT

(_) VEHICLESHAPENOTIMPORT._.L,n"

O) HEAVIESTWEIGHTAVAILABLE

I B, INFLATION- SEEABOVE

C, LOADS - $_ ABOVE

(4) DESIGNSPEED+ ISTSTAGE

5) ALTI_REI!rlNGFOg2NOSTADE

D. DRAG

II) O_.'AFROMTESTSABOVE

_') NEI"DTOI_P WEIGHTHTGH

E. STAB)LPTY

II) LINELENGTH

(21 COMPARLTOSINGLECHUTE

F, DYNAMICSAT IMPACT
G) WRONGSP[ZO
_) NEEDFORWATERRANGEOf GOODGEPTH

i - ! ","
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RI_FI_I_I_ISII

[l/l't)l'lll;;lllt[I t" ,JLIII'+'_] +111 ['l I*lllq>!_thlll_ Ill UIId _°_ 13+ll']llS|lllll'llt I)_ lho<tP+ ('(Itlltl I+i' O))t;tlll+ql iF+ _<)ll"

!l_h_'lt,_l_ w_t[_ Ihl' pt'l'_'tc_O._l_' Ih, tlt£oll,'(l |'l "ll_q' trOtS, Thl."J w_tll(l I_J'dt ¸ ,':ll*ly II_ll+_ l+f_ _l_(t IN th'stgtl°

I{, ft£1'htslatn++nt tl;lttJ .'¢_ttl¢l ++lso hp ol+tainod in e(uoltp,¢!tlotl with all ()Lh_>£" parts _)f th, di'op L_:St

i pot.tl';itt!. }_ ,_!llr_'ll_lqll_ f_lF th.' ( _lt'll[ (_f gt'fl]t'bi._lmi_ : t '"_Llld I!_ b_t_ll_'t+tlt, tl (}Uri/_ I!t_' _,lq_]l'_

1:_ETR II'+'VAI
+;

l_+'t.'_tl:4_" Of th( + pt'Obl"ll_.q l[1volv(,rt with w;l_of llTll_Jat_t .Sltt: _,,l_,¢tJon_ sl.i)at_at( , l-_:tl'lt_V.511 t*.._[s

s_t_tt[_[ hr. coP.ductt,d. [_.fttt'bl_hrn_,nt data could also ht_ ol)taln_:d during tllt.se tt'_t._.

• I
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L_d

6. RE-FURBISH

A. COMBINEWITHRE-USETESTS

& COMBINEWITHALLPARACHUTETESTS

C. COMBINEWife;RETRIEVALTESTS

7, R_RIEV.AL

_- A. LIMITEDCOMBINATIONWITH

OTHERTESTS

B, SETUPSEPARATETEST

_-19

O0000002-TSE06
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TEST PROGRAM

MINIMUM PROGRAM
oeJEctlve REMARKS NUMBERNUMBE.__R

i RE'USE KEEPCHEAP SIMPLE. I0

t USEAVAILABLEA:C. 15
MAYBEAVAILABLECHUTES

VEHICLE-DROGUE 112SCALE.852 "MOTHER 4
! DYNAMICS SHIP, HIGH ALTITUDE

DROGUE fULL SCALE.USE6 FT 2

_i PERFORMANCE VEHICLEF_R DEPLOYMENT.
HEAVYVEHICLE,DESIGN
SPEED

_EAVy VEHICLE. DESIGN 2EEFEDLOAD

E V EflIC_t__NLg'_DES,GN B
HEAVYVE,,C,_.OVER,EST2 ,
MIN O I I

SINGLEMAIN 53,0_0 LB VEHICLE, I 3PERFORMANCE i

O0000002-TSE08
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OBJECTIVi.'. REMARKS MINI ,1UM PROGRAM
N_UM_BER__ NU_.._.MBE_._R..

MAINCLUSTER PACKSIZERIGHT,IF !
PERFORMANCE POSSIBLE,HEAVYVEHICLE,

OESIGNSPEEDDEPLOYMENT

HEAVYVEHICLE,DESIGN 2
LOADREEFED

HEAVYVEHICLE,DESION Z
OPENLOAD

HEAVYVEHICLE,OVERTEST I

STABILITY.DYNAMICS ? ?
AT IMPACT

RE-FURRISH COMBINEWITH O O
ABOVETESTS,RE'USE

RETRIEVAL COMBINEWITHRE'FURBISH, ? ?
ANDSTABILITY.DYNAMICS?

TOTALPROGRAM 12' 26_
WITHOUTRE'USE

O0000002-TSEIO



'I';]S'I' I'Rt}(;I_A_,I I+|{(}I'{).%AI.,_

i+
" "l Ills L_ _1Ul_lullllt'l_;rlll I'pl"|_li' Ihl'(', U'._I _ll'[t_l'llnl IIt'<)pr]s_l_ Ih_*! w_'t',' l_v;lllilIJl( ;1[ th,' tllll(' ¢lf

I hl!i_t (!ollL,'l' b}' t*q'llz'L "q't'lt/d£Vl's Ivonl the, I>jllllt!l+l • l'amjchutt, ('(Iml);klly, 'fho "._.INI"('" IIt+npflsztl
NANIIlA pl+_ ns I l't'lll'(*sI'titS tit+' 0ul+rf_rlt[, w:_ nl;_d,, _t lhnt tlm,' lw _dN],(' t,oprosont:_tiv_,v. Th,, + " " "

I b;_tld_t f. _,Is thut _cah. (Ir<)_llO |_,Nt_ at'_ _ tho only way tn ohtaln meanill_ftll data o11 vi,llieh,-

i til'_l_U_ IIVn_LIIIlCS. This I_: ft+lt tn h+_ _nt" [if the significant i_r(>hl, nl ;,,'. _+s [llld could dr tstiealls_• :_l't,,ct I[i,. ilvt, i';tll dt'_lgtl. ('onfil'nlatlol'l of prt.dlett_d rostllts 18 I_.c_.gSal-y ill tjr'tlt,|, to pl'OCt.od wltl_
i I_,. f_nal _.b+aign.

"l'ho ,_ddition:d d_ta that m,uld bo gath,:red by aca)o main t+,sting is not f,+lt to be worth th<'
_- ,_dditit)tla| cost. Th,' only Way stlell testing would I)e coat t, ff_.ctiv(+ is if +,xi_ting parachutes ul_d

!iuvdx_ar,. could h_ _ usod to I_a_II_.l" t'arly data.

_+ A mt,anin_ful "syston_" t LStiS vt,ry difficultto d(,vist,until tht,first rtralsyatt,m is used. A

i _yattim t,,st a_ n IIdutltonstratton'+ might hc u_cful.|{t.-tts,_ it,sis art. |)t'ol)ost,d herr, primarily becauau tht.y ¢oultt he do_tc quickly at an]all cost

dt_t_ _tr,' Vt't'y t,;_ in pt.ol_ram dett, Vmillmg _dt.quatc d+,aign
th_ ilt._,d_+d till+ to aid m factora.

i
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TESTPROGRAMPROPOSALS

TYPEOFTEST PIONEER MEfC NEW COiV,_NTS

S£ALEOR_UE G 0 4 BESTWAYTOGETVEHtCLE"
DROGUEDYNAMICS

DROGUE 12 8 II MAYNOTNEEDSOMANY

r,' SCALEMAIh_SINGLE 0 3 0 NOTNECESSARY

I SCALEMAINCLUSTER 0 2 O NOTNECESSARY.UNLESSSTABILITY
_,E¢OMESA PROBLEM

MAINSINGLE 6 S S ONLYSOMUCHCANBEU[ARNED ,_

FROMSINGLECHU_

MAtNCLUS_R S 2 S MUCHTO_ L£AR_G_NLARGE
CLUSTERAREA

"SYSTEM" 4 I 0 CAN'TCONOUCTREALLYMEANINGFUL
"$Y.'.'_I'EM"TEST

TOTAL _ 21 56

RE-USE O 0 Ij DATAN_OEOASAP

5-25
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'1'1.;!4'1 ktlll(!llAl,"r I_!Al',41111.1'l'_ ' ANI)AVAII,tIIIII,I'I'_

'|'his 1,,¢ii IIl'l.'ll'_l ()l" ilit'L'l';il'l I';illillli|il_ )' lillll liV[illllbllil_,' ll_l (Ii_ll,rlllllll,li l'['(,lll ditli,llf_flldill,'4 wllh

i,,.l'i_lllllL.I ;it I';llw;ll'tl_ _|'1_ _lll_l H (!_,illr_ HAl'>,

_lli_'4 > tli_l_,' _ll#lctl,_illll_, _l ;ll_liifi_,_lnt _'h_ill!l_' in ("-_ _21il_ithi|l_,' hilv; hl_l_n i_l'_t'_,il _lll(I cl_+lllOl_-

:,ll'_LtL'_l, _t._'i_flllr¢ C_I'II(I, (lOll I._ll_l'._ _l' ll_'l_l " h,qv_' ll_'_'ll dL'l'_l_l_'(l° '|'hi_ ch_ill_ lhL. i_i_'l, lll't, _,_ilf_l_h.l'-
_!lly, _li/_l lll_ll'_, _h,l_ll,_ _h_ul_l h_, _lh{_lill_:d lll,foi'_ _ fii'l_i| l_|_tn_i f_l" th_ !.l,_t lll'll_l'alii ill'l, l_,_ll_., At
the, llllll, _lf I:hl_ i'_'tll_t'l,, tll_ ¸ I_<_ q_i_l_(,thl,i, ,t_l+_illqq_l*, I,_llw_lr_t_ |lll_l_._,ll ll_ll_t i_i'_lnll,_ii_t_, "l'lll.r,_, _'_lf4
_,_ll_,. ll/t,,i',>;_l _ll li_l_'_ll'_l_ ill _lll _lllv_lll,,i,_| N3,111thl'l" _hil _'_,

O0000002-TSE13



TEST AIRCRAFT CAPABILITy AND AVAil, ABILITY

AIRCMF_

T_PE CAPABILI?y AY^I._I LITY

DZA_'F_'R
WEIOWf-LB L]_lOTJl ORIt, R k_TI'I'JB8 SPE[_)

C*1301_ 30,000 28 Ih_ B 1_ 25.000 lit 160 ::CAS CCCD

C*130H _0,000 _8 I_ 8 _ 25,000 PT _50 k_AS _R. _? ^I_ _.nv

"g" E_T f E.',

¢-5 I_1,000 28 p? 9 1_ _5,000 _ 250 _AS VERy_01_, U_
_VILY ,';o_,!

I:
r B_," 50,000 ;_5 _ (; lq' J_5,000 P'? 200 TO PO_t%V._V_'l'.O

F_OM_AC

M_I'III_I_8_p" _00 KCA$ U_If_ FOY*f*_J,_

'*MOTHER8"r_l"P" _;O KCA_3 AVAILABLE. LO_I__-;_'_

PRO._£_'I'.,CO_T£1!^_I:;';

,.'). _ ";



'II,'.S'I' ALIICIIAI,"I' C'c.)MMI-:N'I'S
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TESTAIRCRAFTCOMMENTS

C°ISO - WOULDNEEOH MODEL.NOTREADILYAVAILABLE
" NOTPROVEDOVER211FTLENGTH
" NONSTANDARDOPERATIONABOVE20.000FT

J

C'S - COULDGOTOIb.0OOLBWITH20-L_DROPPROGRAM
- COULDGOTO IOOlrf LENGTHWITH0E_ELOPMENTPROGRAM
" AVAILABILITYPOOR.tlEAVILVCOMMITTED

B'._2 " HIGHALTITUDEOPERATIONROUTINE
ISTANGABU) " WEIGHTLI,._ITEOTO25.000UNLESSGn ANOTHERA/C COMMITTED

8-52 " VERYVERSATILE
"MOTHERSHIP" " AVAILABLE.NOWUSEDBYNASA

- l0 FTLENGTHREASONABLEWITHMINIMUMEffORT
- D FTDIAMETERREASONABLE
- NOWINST_,UMENTEO,CAMERAS..ETC.

C-._ - EXTREMELYVERSATILE(FULLSCALENOTUNTHINKABLCI
"MOTHERSHIP" - tS A/CCOULDBEUSED.NOTNOWCOE_ITTED

OR"VIRTUS?" - LONG-TERMPROJECT.NEEDSMUCHCODRDi_ATIONAMONG
N_N¥ AO£_ICIE$.CO_ SHARING.ISHUTTL_hORIZONIAL1(STI_G_

O0000002-TSF02



DILI.)I' 'I'I_ST LOADS Pn(X_[_AM GHOUND I_L I,I_S

E¸

" + oo0ooo02TSFO_

i



DROP TEST LOADS PROGRAM GROUND RULES

• DROP AIRCRAFT - B-52 "MOTHER SHIP"

• DROP V EtlICI,E 50, 000 POUND STABI E VEHICI.E

m • PREFERRED DROP METII[JD - FI.Y B-52ATOR NEAR REQU|RH)
ALTITUDE AND DYNAMIC PR FSSURU

- INITIATE HORIZA')NTA|. DEPI.f}YMI,NT
R'ITII STATIC LINE OR SHORT TItHeR

• AI.TERNATE DROP METIIOD - INITIATE PROGRA,_IMER CtlU'].E
DEPLOYMENT WITII STATIC I.INE

- DEPLOY TEST CHUTF IN VERTICAl.
ATTITUDE V,1T.tl TIMER

k,

nnnnnnn' _T  nAj



I)l{(Ifi|ll,: I)1{()1 _ 'I'I]ST INI,| A'I'I(IN I ',)AllY; -

I.()AI) I_TII :q'rAfil,;,'¢ IN ()NI] "I'I.;,N'|'

t . _!_. ,|t,._l_l |,_;L,I _lll'lll_ ,_l__ t,'_t _l_ l_vl,._li_l_lt_._. A _{). 000 I_l)tzn_ t,-_i vl'lll_]_" t_yin_ in _l w.rtl_|

• '!_ _i , iT i_- I;' _ _'_it'_ Iq_ _!l(l£'_ll till' di'i)glil' l'_'t'l'tt|,l_ tlr_ll'o Tht, _il'_t $1llt,llill[ %%'itil _1 'j _if'(?c)ll(|

l" • 1' ,1 iltlt," [i, _;t% _ll(l_'_,r_ t[i;.it (l_ _i_i'l l()_(I iS HCIItl'ql-'d OI1 lilt*' i'ilf'_i[ Stli_t" _Lit 130[ on thi. si.c(_lld. A

I'_ fl:/_ llt_i_" _[ [ _'_'t,tlri 1_ l'_ ,lti/r_d [o a_hi¢,v_' tho dl,sll_ll ](l_td Oil [Joth Stlrigt'S. Unfortunat_.ly, thl.

==-...._--__o,, -: - --' ............... "_ .................................. 00000002-TSF05



DROGUE DROP TEST INFLATION LOADS -
LOAD BOTH STAGES IN O_E TEST

SRBDROQUEINFLATIONCAE
300000

t ,_ 200000

_100000

?

C
o 1 2 3 4 5 6 7 8 9 10

Time (see)

DROBUEINFhM|ON CAR NO
300000

a
¢
O

'_ 200000

10o0o0

0
o l 2 3 4 S 8 T 8 9 10

Time (see)

i / ,
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DI_()CIITE I)|_oP TEST IN],'LAT[()N I.C)AI)._ -
lll::l.:l.'I.:ll S'rAGI,: I,OAIIS

I_*'_ ;lll_' II_'slgll h_t,dS oH both _lal4t.s of flu' drc_gtl_' ¢Hluto cotlld not hi. ohtain(_d dLll'illJ_ a ._lilll_llt
t. _I. ¢l_ntiltit_ll_ t'_,,llllr_,d filL' ]l)athnt_ rt,t,ft.d itl]d _ttll opoll stage8 _,paratc,ly w*,r*, inw, sti_[ltf_d0

I_,.i.h_ynl.,ut nf tit,, dt't_l_, ft'_n_ :l 50, 000 pound test vPhLc]_, in a hoLq2ontal trawctory at an altitude
*,I 20, 00(| ft.,.I wa._i assut_l,,d. A ta)rizontal drop was chosen to simplify tht_ drop tt_st pt'ocedure as

nlu,'h a_ p_sslbl_,. J)t,81gn load for th,' 16 per _trnt po "on ty dt'ogut? was 2BO, 000 pounds. Thlr design

I_.,{! I_rl Ill,, r_,t,ft'd droguP _l;t._ oblalfl_.d b.v d_rploym_'nt at _t dynamic prl_ssklro of 200 lb/ft _. A 9,5
l..t _'t,ut _vt.t-lu_td ol_ t_t r_'_.fl,d dt'o_u_ t_ sht_'n to he. pos_ihlt: for a d¢.ploymont at a dynat+olc pI-(-S-
_,H',, *.f 28(i lh/ft 2.
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DROGUE DROP TEST INFLATION LOADS =
REEFED STAGE LOADS
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Ijlt_)(;I I_ I)_()1 ) '['1':.";'1" INI.'I A'|'I_.H% I.(,_.D._ - 1. UL.I ()L)I:N |._.)AI)_
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DROGUE DROP TEST INFLATION LOADS - FULl, ()PEN |.OADS

400000 m OI_06UE INFLATION C^9[ 140

+:,+: i! De=i..Lo.,L_&i+ M, ,..1

'_-Ir_ I," .... rI_lrtMIMt
=,l:elllllll .....

r--_l[/ I

O_ _1_1I_LU="' • II l,llilll Ilfl
i111 IIIlllll Fr+ t 4 I_i _4fl

.1_ _11 IlilI!ll

"'"'"' III_I_:'"'_'"'
Id[l£11 ........ ;111 H lil4l]+4

"+",ooooo_"+=+*'"'"'""'"'""'""+=+:+_::::''"_ IIIIIIIIH+'I.III:._I._' _' ' =::: ........ J ] i ]

lt_iltlttl

.I-M-t-_4-t4 _ ,o,,o,,,oo

o .-tt..+1¢.+.tt - Itl',llltll
l 2 4 5 6 ? 8 9 10

Time (see)

3-_7
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_IAIN CII[IT|,: DilOP TES'I' I.OAI)S - DI,'SIGN I.OAI)

()N t'I,USTI,_R ]:IRST STAGE

J
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MAIN CHUTE DROP TEST LOADS -
DESIGN LOAD ON CLUSTER FIRST STAG _'

"C $_1 I_lH8 'N_MI_:'I CAH i'm SEll_^IN$ IKFLA?IONCaSEI?N ;"140000 i ' :-'T'--'. ;'; i; _ "1 260 _ ...,L..,- -_

I .... I t._l' _L_';_lilllTl|iltl • _ .-a_.r,,_,J.:rJ:,_ ,_JJJ!,J s4o _'___.--- :--:::_-::'i.:
FIT_ : I ; i i I_g-2"_'TTTT-I 11 |l ; I I I II11

_ 130000 ]| ; li ] , Lp ',lil_ ,I Iliilll}ll__ 220 .... __" ......
II, l_lI _lli,iiIl!lT|llitltliH ._ .... -_ ....

a ||T_ I I i . I i I ! i 1/_ i i 7 I t I I I I I I I I I J', 200 .... _- --*--_t-_,_+.,%_._'_"

,i _100000 II: i , I i i I I |i ! ! ' [ i i i J I I i I I I I I I I I _-_ 180 .... ";-"-"- -"+'_-_'

'1 1 ! II l, I II I IIIII I |1 II I It I I I I I _' t60 ,..-;-,..._-. ..... ? ; . _-._..:..-:-_L +.
I I; I ! I ! I I I II i I i II I1 II II III III I I _ _-- ._-_

,_ eoooovr _,_ , _,__ = , . • , , , , .... ,d l:_l_J-I f _LLJ i i _ 140 ._ . __._.,,._ ............

-- : "• _ 120
m 60000 _'LI I I I I I I I I I I I I I I I I I I I I I I h ,.[ : : : : ; , ; , ; i i_._._*

[_-]._ III I II II lI II II II |LI I lI II o IU0 .... I , ] :"-_-_--+rr

I II II II II II II I III II I 80 .... -_. , ._-.
_ 40000 If ,|11 III I I I I I I 11 I ! I I I I I I I I I I III _ I .......... __ " }

!_-k'H-H-_" _-__-_-_ �•,

.I:T.i ._.O' I 1J I I I l I I I I I I I I I I I I I I I I I ! I I I I I O' "_]--r" _ "_'- "_ _'T
tO 20 30 0 10 20 ,':l{

Time (Bee) Time |see)

HAIIII IfCt,atiON CA_,I_I?H 20000 _IA!HAINS IHrLkTIONCAi| I?N

60 ,.--___. -_a;-. _':_:_ ::'.,::hra= t-'_ ]_

:I::-I

_o _ _ ___ _ _..

o i.ooI_]_2_:ilM ˜(&�Ò:IiII L
10 20 30 1o 20 3O

i Tin',,, (sec) 'l'_m_,(s_'c)

?, 3!;
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7

I 'MAIN CIIUTE I)R{)I _' TEST |.t)AI)S -
t I)ESI(iN I,OAD ON AI.I. CI.USTEll STA{II,;S

I it+till t'lilltilliiill. 14 i't't[Uil'ed it+ tllti,ieet all thr(!l, stagrt .f LIP Ill)till ChilLI' I:llllll'i + it) dl.llf_n lolld%%t'l+( ' illV_ttl_;tted. II is CIIP-%I" _rOllI thtP liPevious simtllution thtlt _ihfll-tl.t, rl.ofing timi't fil'l' rl.qilii'i_d

i to load all throe atagi,s. AIBo, going to a higlitw altitude and a vertical trajt_el,il'y off+ hellffal.

The firtt fil/urt +sl_)_+ thai frr a t,grizontal drop at an iililial altitu+h_ of q0, 000 h+et arid a dynanue
pr¢'_atlre of 169 ll)/fl . n(,_ll" dl_sign loads were obtained t_n all thrt_e cluster ttag(_. Very short

rt,_ l'in_ linl_2t of 7 t_,l_ouda and l _t,_Joil¢t we+re ult_iJ. '_Phi: suconti fi_ul.t, shows that tDi" ii vi,rti(:lli
di,ldo_ lie(it _tt t t' _aill,, altitud_ /ind dytlamlo pressure and u_ing th(, _ia/rlt, l'+._.fln_ ileitis, dr,sign

f load is obtained or e_ceeded on all three stages. Baaed o 1 this analysis it would appear that in

tlleorv at h,lllt, dt.._ign loads could lie obtained on all three stages of tilt' main chute clilst¢!l' hy d(!- i
" I

l)h_sing at high altitudt_s amt u3ing very short reefint times. In practice, liow(,ver, s(,rioiia ob t:e- !

I lions tO thi_ t(,It m_=thod can be railed. The short reefing tim_,s prohahly dc.mand greater accuracy 4

irl predicted ii_flatioll timl,a than has been demonstrated, by the inflation mod_l beiag ust_d. Also, .,

< : tolerances ill ret?fin_ cutter tittle delays could cause unacceptabh_ unequal loadingl in individual j
i _Iultt.r t_.hutl_,8° "['hits tt_s_ method ia therefore not recommended _vi_ut additional study

i

_r
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MAIN ('ll|I'J'|': 1)1_()1' TI;,'-;'£ I ().+'_1)_

_1_(;I I,; ('lltl'l'l,; 'j'1,:_4'|'4, VH{'J'I('A] '/'I¢A,II;('L'a)I{'_'

'}h< <h1!'i, _I[I'. _i . ,ii.v+t'11r+i! !ii_ l)i;illi _'hllt, _'JLl_f+'l' h, ell !_ll!ll ],i,iLIi_ ll,}_, + , Ii l]]ti_{il':iLi'll i+_ ii¢,

F_I'_ ;Ji_ti:_ ,'\_t_Ill_, _. It u_. iLili_ )t i':,!_Ji'l + '.+_ _lil++it'('l _I !_If)_]t' I11;illl i'III£I, I!_ LI, _.IJ_l_ _cJ_+41_ c+l' q'V, il _n

11'_i_,_.t_r_' _,I _el :_]ILIII_|L" i_* _()_ (){'_{i t't'_'_, dt'*"]l_ll |c)_lli."¢ ,)I_ _LII tliz'_'_ + _i_H._l _ _'_rl h_, _)h_llll+,cl, _h_Jit|v

1.|', ]l,_'t+t :_ ',_.', t',' t*'+_t'll. I{v ttt'.'t+_'_l_|tt_ tl_+' t|'Ittl+_| _.l+_'l'_t[t_t_.' _+t'_'._;._qtt', ' t,+ '._i+ lb/ft:++ +t ;{I+ _,_.l'L',.|tl+ t+Vl+l `+

l_,+++i,+it th, I_:;tlll _'_tiit,' +'JT'_t _| l_t' J+_ t_hL,11lli'tl.

| llh i[_ ........
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MAIN CHUTE DROP TEST LOADS -
I SINGI.I.: CHtI'rF; TESTS, VERTICAl. TRAJECTOltV

I_1_ IN;LAflCI_ CAM (l_
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• 3

MAIN CIIU'L']_: I)ltO| _ TI.:S_I" I.()AIJB -
SIN(;[.I.: CIIUTI': TI,.'STS, II(}R|Z()NTA1. TItAJi.'(?T(}I_¥

11t_'11|. ._tllnln_ I_IIL. ,';ilzl'_t, eOllfl_uration as in the pr*,vlous _,xamp|e, hLtt dt,ploy_,d in _ l_)rlz_ntal
tr_t.l*_'t_l'_', ,h.sign |f_ds _)n all Ihl'_, stages are obtalnt, d for an initial dynamic |)rt, sS_ll'(, (_f 160

I li_,lft'. II_,_.fin_ tin],'._ w,.r*" shr_rt_,n_,d to 4 seconds and 2 s_,conds 2. ()v,.t.l_,ads on the, t_rst two

_Ii_l'.t'. _ w_.t'_' _ht_tln_,,t f_l" _ll] initial d_,,namic |)rt sstlr_ of 225 lbfft .

f,
!
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ii MAIN CHUTE DROP TEST LOADS -
_| SINGLE CHUTE TESTS, HORIZONTAL TRAJECTORY
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_IAIN {'II|,',TI_IH(()I"TI-'ST I ()AI)S -

._INGI I_CIIUI'I-_'l'l-_'l'._.I{(}I{17.()KTAI.TRAJI._(!TC_RY. I|I(_IIAI TI'I"UI)I;

l._,vf-i_lim_._. A Ii,,r|z_,nla|_b,ployi_it,nlat 40, 000 f_._'t_l_da _|._IlaI_:e,"I.,._._tlr_._f I_0 lb/ft_ I,*._ult._
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i TIII"t}liI_TICAI. STORE SI,H'ARATION ANAI.YSI._ I,'ttR

SRII PARACItUTE TEST uNrr

f The thvor_-twat _t_r_. s_,p_ratiou analysis peo|_s_,d to _tt_l_rt the, dr_g_ t_,st pr_r_ UsL_/g

SI([_ |'at'_lohll|l, ']'_,St UllttS oh'opIned from th_ wing pylon of tilt, 1_-52 Xloth_,t' Shi_t l_i dufim,d on subs_-
qu_,nt pages of this section. This theoretical store separation analysis has four distinct purposes.

T|w first pul, l_)st, is to define, the, store separation charaeh.risties of tht_ SR_ Parachute Test

_n_t fron_ tht,|t-52 _.at-lyin the program. This will allow any necessary changes to b_" accomplished

with t_it_tl_tt(__.ostsand ccttnit'nurtlschedule slippages. #

Tl_e second puz-t_)s_, is to help define t le need for any store separation wind tunnel tests re-

•;u_r_'d for the SIiR Parachute Test Unit and the B-52. If the theoretical store separation analysis t_hows the, SRt_ Parachute Test Unit separates without an), problems, the ne_,d for store s__,paration

ii _'xi_dtunnel t_.stsmight hc eliminated. Conversely. ifthe theoretical analysis indicates stor_
: _vparatr_n prohlems may exist, thP t.esults would prOvide justification for establishing a stor[_

s_,paration wind tunn_.l t_,st program.

The third purpose is to define the aerodynamic carriage loads on th(, SRB Parachute Test

Unit during carriagt, on th,- Mother Ship early in the program. This information is net_dud to w_rify
th,, structural adequacy of the SR[_ Parachute Test Unit.

Th,, fourth purpost, ts to provide tht_ necessary doeum_nt_,d pre-flight analyses to obtain ap-

I,r<,val frt,m the, Air I ortt_, and NASA to drop the SRB Parachute T*.st Unit from th., Mother Ship.
't !l_ ¢tOCUII)_ nt;.ltiOll wou|d c_t_scPil)e anLt prt*s_,nt the. rcsutt_ I)i' thP ator_, suparation and earrl_gl_

h_:_,,i_ _xat','ev._ dvscr_t_,d _n tlw prvct,dtng paragraphs.

_'.

...............•...........................................................66066662:YSGO



PURPOSES OF THEORETICAL STORE SEPARATION ANALYSIS

1. DEFINE STORE SEPARATION CHARACTERISTICS OF SRB PARACHUTE TEST
UNIT FROM B 52 MOTHER SHIP EARLY

_ 2. DEFINE WHETHER STOR_, SEPARATION WIND TUNNEL TESTS ARE NEEDED. _

ii 3. PROVIDE THEORETICAL AERODYNAMIC CARRIAGE LOADS FOR SRB PARA o
• CHUTE TEST UNIT FOR SEVERAL PERTINENT Bo52 FLIGHT CONDITIONS. '_

4. PROVIDE DOCUMENTATION OF THEORETICAL STORE SEPARATION AND
! CARRIAGE LOADS PREFLIGHT ANALYSES TO OBTAIN APPROVAL TO DROP

SRB PARACHUTE TEST UNITS FROM B-52 MOTHER SHIP.

t

i , i"

!/
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TIIEORI'_T|CAI. STORE SEPARATION COMPUT|_R PROGRAM

'Pl),' tZS_ _ (_f thl'ot'_'tic[li stort, .'_eparation analysf_s in prt?ltltl! i_tl'_ d(_ign c;tn suppI,,nl,,nt atll|,
ht_pt,fully, redue., till' tmmb_,r and magnitude of wind tunnel a_d flight drop tests. A computer

program (5-1, -2) was developed by Nielsen Engineering and Research, Inc. to compute the

theoretical separation tra iectory of an external store released from an aircraft flying at _uhsonic
_pt._,ds. This e,,mpl|tt?r pro_ranq would be used for the theoretical store separation _nalysis for
tilt' *_I_ 14.

Th,, aircraft fusrlage_ separated store body, and na0_.lh,s, fuel tanks, and tim bodies of • ii

nth_)r stort, s carried art' raodcled using point sources and sinks distributed along the ccnterlint_s [II
Of the bod.,s. In

addition, multipoles are ased to include the effects of any nona×isymmetvic ]i

g,.oml.try fl_r the aircraft fuselage, t i_

Tln_ computer program first calculates the forces and moments acting onthe store in the car-

rla_L_positlon in the nonuniform flow field below the aircraft. Then, the computer program uses

6 d_,tzr_,t.-of-fr_,edomtrajectory calculations to compute the motion of the stor,_ for a small time

ic,t,_rval. The, force_ and moments acting on the store are computed at the new position, and the

procedure is repeated until the separated store has traversed the nonuniform flow field near tht.
aircraft.

Refrr_nee 6-3 describes how theoretical calculations (5-4, -5) of the pitching and yawing

mr_mt,nts w,.re made. by NASA for th_ X-15 during carriage on the,B-52 Mother Ship. t@uoting
l_.f,'r_'nc.. '-.L ' Sine,, t w mathematical model used tL, calculate thq, fh_w f_cld for tlw H-52

_ _x_li_v.'_,_:_ul'fl_'i_nt to allo_ calculations that are in close' agrt,t.m,.ntwltll,.xperiment . . .

t¢ th,' loads and m)m_:nts for oth_.r w,htcles for whichth_. 11-52 might he us,,d as a carz't,,r could
[Irt_l_;lldx' hi' , !:I I_li_l,'d _ith su[f|clcat accuracy to det(.!rmtn(, the' Ite'e¢'_Sitx" for. anti alu iH the'

_* In_,.l'}_l,t,t_lt_Oi _ (If s \vlnd-[un[l_.l tl'sts. I_

A._ the" [|l_.or_.tical s_.or_, st,paration conlpater program can use a mo_, comp|_,te mathematicalmodel for tht, H-52 than was used in the results in Refer_'nce 3. ore, would _,xp_,ct the, results to

a_!z'_'_' with _ll_ I tUlllh'l or flight data at h,ast as w_.ll as the th_'t)rt'tiet_l t't'S_llts and 0|gilt data agreedttl H,'f_ z,,,nt:t, 3,
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NIELSEN_AFFDL THEORETICAL STORE
SEPARATION TRAJECTORY COMPUTER PROGRAM

PURPOSE - ODMPUTE THE THEORETICAL CARRIAGE LOADS AND STORE SEPARATION
TRAJECTORY OF A STORE CARRIED AND RELEASED FROM AN AIRCRAFT FI.YING
AT SUBSONIC (SUBCRITICAL) SPEEDS.

AIRCRAFT FUSELAGE MODEL - UP TO 100 SOURCES AND 5 INKS (FOR FUSELAGE
VOLUME DISTRIBUTION). UP TO 1.000 MULTTPOLES (FOE FUSELAGE NON-e
AXISYMMETRIC GEOMETRY.

AIRCRAFT WING MODEL - INCLUDES CAMBER, TWIST, DIHEDRAL, SWEEPBACKj
J AND THICKNESS; UP TO 160 YAWED HORSESHOE VORTICES. 800 THI(3_NESS

STR1PS, AND 160 POINTS DEFINING CAMBER AND TWIST.

AIRCRAFT PYLON MODEL - INCLUDES THICKNESS AND SWEEPBACK. (USES YAWED
I HORSESHOW VORTICES AND THICKNESS STP/PS, LIKE WING MODEL. )

J AIRCRAFT RACK MODEL - AXISYMMETRIC BODY; UP TO 100 SOURCES AND SINKS.
,_ RELEASED STORE BODY MODEL - AXISYMMETRIC BODY; UP TO 100 SOURCES AND
_ SINKS.

_! OTHER STORES, NACELLES. AND FUEL TANKS - UP TO 9 AXISYMMETRIC BODIES;
UP TO 100 SOURCES AND SINKS FOR EACH BODY.

COST - APPROXIMATELY ONE MILLION DOLLARS. (APPROXIMATELY ONE-HALF
_ OF COST IS FOR WIND TUNNEL TESTS TO CHECK THE ACCURACY OF THE

PROGRAM. )

TIME REQUIRED - DEVELOPMENT STARTED APPROXIMATELY 1970.

DOCUMEN% ATION - LANGLEY PROGRAMS (USED IN NIELSEN/AFFDL COMPUTER
PROGRAM) - 158 PAOES
3 DEGREE-OF-FREEDOM VERSION - 282 PAGES
8 DEGREE-OF-FREEDOM VERSION - 801 PAGES

TOTAL - lj239 PAGES

¢
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SANI)IA-I)EVELOPI_D SUPPLEMENTAL THI£ORETICAI, STORE

SI_PARATION COMPUTER PP,,)GRAMS

._avldl_tI,ab()r:ttorl_,sha_ dew,lopt.d several sttpplemental store sc.paratton computer programs.

'rb_.s,.sttppl_,m_nt_L computt.r programs are _sed to rapidly and _.eonomioRtly prepare the ,:ovnptex

_tlreraftconfiguration and store geometry data required as input for the theoretical store separa-
tk#ll comptlt*,r program,

Tb,, faclng pa_tt_summarizes three of these computer programs. Additional information on

i cnmputer program ,_)URCE is available in Reference 5-6.
!

,.t
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SANDIA-DEVELOPED SUPPLEMENTAL THEORETICAL
STORE SEPARATION COMPUTER PROGRAMS

FUSLAG " COMPUTES EQUIVALENT AXISYMMETRIC FUSELAGE GEOMETRY.

WINGO1 o COMPUTES WING THICKNESS AND PYLON THICKNESS INPUT DATA
REQUIRED.

SOURCE - COMPUTES SOURCE AND SINK DISTRIBUTIONS TO MODEL AXISYM-
METRIC DODIES. OPERATIOI_AL ON SLA INTERACTIVE GRAPHICS
SYSTEM. COMPRESSES TWO WEE.KS I CALENDAR TIME WORK 1NTO

ONE HOURtS WORK ON GRAPHICS TERMINAL.

i;

N

i+i
F

i .C_
g

t

1
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i VIS[JAI. DOCUMI','NTATI()N COMIqjtrI:;R ItROGRAM

= '_ [_t'Plrltillt'l_ ','ISI itL dotal! l'lt' +Jtnt _n systt,tr_ l++as l)(_q:ll dt,v,,lop,+d h_, _Lt_<ll_t I +£1[_)l'tllI#t'Ja'_ tl) _')tq) "

_'Jdt + r:tl_idl'¢ _lltl ,,cus_mieally Vl_llal doculTxPnta_ii)ll of th(+Ol'+'tie_ll ++tor_ _ .Ht'llilp[tti()IX _il1_IvsI_,'_, +J'h¢_

+lt_('u+_l_'r_t;Itz<_ll _y._t_'ln uses a Ilt, W Bar)alia Laboratories cornllut_r program (MOVII,:I) with a CI)U
(_G00 euutq>ut_,r to _t!u_,rate a magnetic tap(_ of plotting com_and_ for an off-lill_' modified Data-
_r;tllll_X 4020 ploLt_,l'.

'1"+._ m:uor f_'atures of the visual documentation corrtput_,v pro_,tranl ar<, sunlmarized on the

fac_tll; pa_,.. (Additional inlformation on the visusl docLtmt,lltation con_put_'/' prof_rarn is uwtilublt_ ¢
)tl l_+ft'P(,l_C_ ;i-7 _tncl 5-[|. )

' Satl_l)h, oulI)LR t'rotT_ the.visual doctlmelltation eofflptlter [PogPam aPt, prt,s(_lltPd lat_,c in this

:_,.ctit_n nf th," x'_,ix_rt, rl'h_ cot'nput_>r timt_ r_,q_ired to gent;tart, s[tdt_s or tiraw_.n_._ for a st_r_

._t,p_tratiolli_ t_fr,_ctionof a 11_irltlt(_+"the _omput_P tim(' ccqtlired ',og(_tl<,rat_• a color nlovi_ for _t

_tot,_,sep_ret_on ts approxim_tt_,ky 5 rnLnutes,

• , = _ .... ..... , ----+
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,_ VISUAL DOCUMENTATION COMPUTER PROGRAM, MOVIE 1

' oP_ESENTS SIDE AND BOTTOM VIEWS OF STORE SEPARATION PROCESS.

• PREPARES VISUAL DOCUMENTATION USING ALL OUTPUT MEDIA AVAILABLE

I ON A MODIFIED DATAGRAPHIX 4020 PLOTTER.

'_1 • COMPUTER TIME SAVED BY:

:J I. NOT SHOWING ROLL ORIENTATION OF STORE.

ii_t } 2. USING LINEAR INTERPOLATION WITH TIME ON STORE POSITION.

3, STORING OF REPETITIVELY USED PLOT COIV_,MANDS.
• COMPUTER CODE WRITTEN IN FORTRAN.l

i_]t • PLOT COMMANDS GENERATED USING SCORS PLOT SUBROUTINES.i
f

!,

L_

!

L

!

2,
i l,

o •

00000002-TSG14



_I(II)II,'II:I) IIATAGP, AI'IIIX PI.('}TTI';R

[ _ ' , , i :, .:i_. , _:I:_!i_:i i'i;_" [lit thi._l'_,tL(';l| Stol'_, st,llal.'_itl_ll ;in[lJ_,,,,._l.-_l.*,.'-;tllts _ll't, [_F_']'Jal"l'¢.[

, .: , , ,,iit:, : I_ :1 _,_,i'.!ht\ t020 Dlotl_,t'. The' output mq,dia _lvatlt_tlhr ln(rludt _ picture,s0 slldt,s.
•', I ",. I ! , _h,;, _- :t[lii II]l_Vlt'._ C_III lit' gt.nt,rat_.d in I)]_lCk and wthtk' or color.

i tL:-l_. :' : ._1_ _h Ii_ ¢_tltptlt t_lt,dla avaLlabltr for tht, visual docum,?ntation of tilt, tht_or,rtxeal

,. i ': ,:. :: :_.,_1 ,_,_ 1", ._tilt_ :_1"_, _lvailat_l_, on tht, facing l)ag_r.

i
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MODIFIED DATAORAPHD_ 40J0 PLOTTER

• MODIFIED WITH EIGHT SEGMENT COLOR WHEEL (WHITE, CYAN, GREEN,

MAGENTAj REDm YELLOW, BLUE, AND LIGHT BLUE).

• HAS SPE(_AL COLOR SENSITIVE PHOSPHORUS MIX ON CATHODE RAY TUBE.

• HAS THE FOLLOWING OUTPUT MEDIA:

7-1/2 INCH BY 7-1/2 INCH HARD COPY (BLA_ AND WHITE oNLy).

16-MM MOVIES (BLACE AND WHITE AND COLOR).

35-MM SLIDES (BLACK AND WHITE AND COLOR).

35-MM MOVIES (BLACK AND WHITE AND COLOR).

• BLACK AND WHITE OUTPUT MEDIA ARE AVAILABLE BY 8 AM FOR RUNS SUB-
MITTED TO COMPUTER BY 5 PM OF PREC._DING DAY.

5-57

t"
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CO.MI_AI{IV_ON t)l: TIIEORY WITII FUI.I., SCALA'; DROP TEST RI,:SUI.T.q

It/ {)rd,'r to a_t._t_ t|t,' :*ceur;l{_y of tilt, thcor¢.tical stor¢_ s,,pitratton O(}/Tl{)Ht4'l * program° a

:,,_nq_m:_m w:h_ madt, h,,tw,',,n prvdich,d rt_sults andth_ results ¢)ft_ full-seal,, fligh_ drop t_.st.
'li,_, _;tlltli:t ],;l_>t)t';ltorlt,_ pt'otl)typt. _t(_r_ is a canard-controlled store _qll)rnxinlatt,|y 140 inei _.s
I,m_! with ;i Ill:txlmllm dlatn(.tor'of appl'oxin-mtely 15 inches. Tht? story weight is approxinlatcly

_._0 [)_nod_, and its con/t,r of gravity is located appl_ximately 85 incht,s r_arward from tht_ nose.
Th,, 1;-411 alrcr:tft configuration used for the drop test and the theoretic_d calculations m gear up,

fl:lp_ up, anti ¢hv,' br,,aks up (i.u., ch'an). Tht. prototype store was carried on one inboard pylon,

llstng _itl ada|ltt,r0

'l'h,r d_.tatl_,d comp[trison of the calculated and ohsorvcd rt.sta/ts is provid_,d in |_rft,rcnc_. fl-ft.

I_rl.,fl3, _.x..minatzon of th(, theoretical and observed vertical displacement historb,s shows t.×c(,l- t
i.'nt _t_r,.t,nlt,nt. 'l'h_ diffort.nc¢,s between the two curves approach th(, accurach of tilt. ohsorvt,d

t!zda. "l'h_, vortical displact, mt.nt histories are ohviously the data of most interest to the drop atr-

t,r:_ft pLlot. (Tilt: most probable cause of the differences in the theoretical and OXl)(,rlmt_ntal rc-

,_ults is canard lag, which would not have brenda'fined in any wind tunnel store soparationt_'sts.)
[_l stlnlnal_z,y, good agro,.tlaorlt is shown between the theort_ttcal arid observed stor(, sci)aratt_n

tr_Jjt.ctot-lt's,,,spt,ct:dlydurmg th+.firstcritical half cycle of the store separation.

'l'heoi'et teal _fld Observed Ctl rta rd PO_llt ion .. --_t*o¢._ ,.t_tF*,¢a! $'_, ![*tttt,e_ ,t_o_*0_

N :"'_ .... I',_ntvm (doi'ree ¢) Position (dogreqS} _.t.,t_k_ _ca• 0,t

t *0._ -0._ __L _ ,,_ _tt._ --
2 +3,3 *3.4

Con/p_rl_ of Posdll_ht _r_dt*t_d
3 -0,2 N�_andObserved YawGyro Readtn_

Ihntot l_t

4 -3.3 -3.4

' _7 _X-_-_,_,,-#7-_-_-,-77_,-,_
4

' \d I r_

I(l':_¢_r!l'g _fl(I ()bsor_'ed Strlre ('enter of

Grllvttv v'erttca| |}l_plB(.e_0nt
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COMPARISON OF THEORY WITH _ULL SCALE DROP TEST RESUt,TS

4

T|t_ • .40|G RC_

_..-- ._

TilIE • Iol|01 UCI

Prototype Store £|eettd from _'-4D
st Maeh 0._0, tG, OOOFeet Altitute

-- CIInlLTdB Free-FIolti_

TIIIE • *4000 NC_ J*L'¢_lnlt_'lnt"_|nlL'.' I_ nt,l't_tl fl',_fll 1-41P

at ,_la(IJ 0,;0, 1 ",,IIqN I _'('t :_[L_t_,!L"

?INK• o_llte B¢Cn40S

prn_*)_yp_. _¢oee l':jeeted (corn 1_-4/)
lit Math 0.?(s, I_,UO0 Feet A_tltude

l -- ('tltll_'dl |:lK_fJ ll| _er_t Ilet]e{*tlOl_
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"I']H_{ _JH'TItL,_I, CA}IRIAC;J:7 ].{kA.I)_ AND _'I'{3JlE _L_PA]{ Tl'J+r) _, ;L%AI,'f_J';S

L"OR Sl_llPARACIIUTI_ 'rt_T UNIT

A_, th.'SIi}_ |'ilP:t_htR,+'l','stUnit is not dt+fim_d, itis difficultt+._sti!nat,_ thi+ci_sts f..rth.,

th_rt.ti(_:l|(':trl+l£_L' Io_Id__lll_St()l'__ _p_ratiott aflaly_i_d_,scri{_t,diiltht.|_t'(_c_,dingS<,_tioflsI)f

thi_ r,,l_ort,ll_v_,_,t',the'following oslirnates art provid_d to d+.fit_._pproxin_atcly tht,costs of
The' _-ost_t.sLin_itt.dh_.low _ssum_, that th+!SR|_ PaPachut_, 'l'_'stUnit wtl] haw + a P_asofl_bLt,

;L+,rod_,.fltinlt_Static m;_r_irt_tnd_h_t the'8hapo can })_Rl_tlyzi_dtISill_th_ _h_.oro_ic_]_lor_ mnd_,|
_tlth_+c_11_ttt_.rprngr_n_. |{_x_-_,vt,r+the.cost8 esti_att_d h_|ox_'_rt__i|sol-l._sona_I_,if th_ Sl_ll

l_r_tchut_ T_.$t Ul_t h_s a 11<mcol_vt_ntiol_alshape oP r_lativ_.|ysm_l! statlc margin ifthe'_+xp_!ri-
_ l_t_l_,t_tlfrt_-$tt-l,am _.t'odynamLcs of th_ Parachute _l'_stUl_itaro _,ai1_l}lc (at no cost to the.stor_!

The, ada.;ac_'ntp_c show_ the _t_ps required for the tbooret£c'a]s or_ separation a_aly_Is

I_ +,_tcht_,l__ tlh• rt_]_trt_d_l_,lldttptimt_ aridcstlm_d rflan-monthm r_qtllP{_dart, Showll. S_flct'

the.,_tt.p,_ar_, _t_r_;_|,the,tin_, requirod from staPt of tht,pPo_r._m can ht_ohtalnt,d for _tt_,St_.iJhy

The' _hr_,_,man-n_onths sl_own Would cost approximatt, l_'$13, 500, Th,, t_stimatcd c_m_put_.r

t_m,, |'t+tlulr_,dIs al_p|'ox_m_t_,ly10 houP_ at _tcost of appPoxln_at_Iv,3000, l_sttm_tt_.dtravl.lcosts_

to<}l_i_Itl_+,_n_t,tryd_t_ _n I_-_)2arldSR[_ PaPl_chutf. Tt,_t Unit allclprt,s_,nttht.rt'sulL_of thl+ttn_|ys|8+
_iI++,_7_0.

i "Jht:._t[_̧ t it_lz,_t t_fthe.lh_._t+l,_ic_|Pi_rrl_l_+.lo_i_i__tii_t!_+_r_.th':_l_ti_!'+.,_,ll:_r_t_i__il_t|x__

_;,, ,;!;+_t_+t_-,_:_i+__}_+_r,_l_++_I_}_+_>t+_.t_c_|_tot'_̧ _, i_:_:';_t_t:+_!_ t)_.+_:'..t]t._|I'_rt'£_+t_.'_n;+i]_+

b

! tl;troht I{. _Imhr " 3625

t +. t_, I+,o'-: _800
•_|I._U+ t'<lu_', +_+'W .'_It'xlco ll7113

II
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V

TIH':ORL'T|CAL CARRIAGE IX)ADS AND STORE SKPARATION ANAl YSI':S
I'OR SHI_ PARACHUTE TEST U_IT

CALENDAR MA_

.. strays I_ A._ALYSlS _ _

OBTAIN GEO.MI':TR_" I.OR H-52 M(}']'III"R
SHII'. |. 00 0. !_0

DEVEI.OI' 'FIII.;()RI':TICAI .%R}DI'_IOF
B-52 M()TIII,;R Still*. 2.00 !. 0o

I
DHVEI.Of TIII_ii,RI.:TICAI.M(}I)EI..OF
SRI_ I)ARACIIUTE I'ES'I UNIT. 0.50 O. 2:3

SET I'U' _,NI) CIIl".t'_. OUT COMI_LI"TI_
STORI_ SI::PARATIOI_ AND CARRIAGE
i.OADS INPUT I)I-'C}_. 0.50 0.2"3

ODMPUTE CARRIAGE I.OADS AND
STORE SEPAIIATION TRAJECTORIES
FOIl I.'I.|GI|T('O_I)ITIf)r_S O1"
INTERFST. I. 00 0. _JO

IX)C'tVMI.;N1 IX THI;,%I(>(1.1.:TTI,;R)FORM
Tile ItF:SL'I,TS {}F Till" "i'Ili'X)Ri{TI('At,
C:3[IRIAGI.,' I,OAI),_ AND 'J'IIFORI':TICAI,
STORE SI:t'AI_,'_'I'I_}_ AN,'_I YS_:S. I. 0O fl. "d_

6.00 3, Oo
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R I.;|:EI).EN('I:_

, I. _J:,vl;i. I . i . l}lll, hill:% |,l,{.(h.vlek b.. {{l)odwin. ;lllfl ,I.(.k N, Nl,.l:;,.rl, "l;xt_.tt_mn (ffthv
_, Lh(Jd f,_r I'V, dl_'hliit '.l\-l),,Rrl,l,o{)f-Frt,_,dollt ,Htt)rl, ,_.;_.l);ll,_)tl(iti 'l'rll!,.ct(}r_,,_; :it Sllt,Ptl._ Up

I,_ th, ('ritic;tl _lr,, d t,_ lnc|ud,, _l ],'ut4eltlgv With Nolleit'ouhlt' ('ro_4_ S,.etion - Vol, I -

'lll.._ll._ tit-_l! ,_,h.thod.._ and (7onlpar|$ollS With ]"xpl,rimt'llt_ " draft copy (if unnumht,r_(t Air"

I,,r_._ l.|lght I)yn;tnlzc_ |._d_ll'ltory _lrchniea| [{*,port. Marcll 197,;. (Avail:drip frnm

"_l. i" t'.'d,'l'll k ['.. (._l_(IJ%t in ;lad .'%l;lrrilx _.'. l.:. I)_}t,rltltlj I_E×tvns_()n of tho _l¢.thod for IJrl_dicting t_

:.J\-I), _, "*','-if- 'r ,_.do n Slot,' S_.paration TrajPctori, s tit Sp_:od_ Up to the, Critical Spv(_d to

lrtcill,h. :l Ium l;l_ with Noneiroular L'ros_ St.otion - Vol. [l - Ut_t.rs M3noal for til_,

(',mq)llh 1" I_l_r)_r;irl_s_ dr[tfl copy of _nnuml)i.ro_ Air |,or_t_ l.'hght |)yn_'lmies l,ai)oratory I_

'l,.vhnl(-:Ll Itt.l_3rt, March t974. (Availabl(. from C, I::. )vet. AI.'F1)I.. )

*-;_. \\ illl;_il_ .!. Alford, JP°t ;it d Rohert T. Taylor, "Aerodynamic CharactcrLstics of tile

'x - l :_/I_- 32 ('omi)ltl_ttiotl t " _ilsa M,.morandum 6-8-591., Juno 1959.

J-.l. %_i|h;im .1..\If(ltd, Jr.s "Tht,ort!tical and F×perimrntal Inw,stlgations of tilt. Subsonic-],'low

!' 1, hl._ ;;,.tl,'ath S_,.p_ and Unswrpt %%ings tA'ith Tabl,.s of Vorto×-Induc_.d Vt,locltirs, NACA

IU i,t_rt 1327, lP57.

:,-5. D. \. ]1, vd{)ll° I). I. Join,s, and _. b'. Sht'oha,'lt "Subsonic Flow l:it,lds and iflduct_d Missile

I ¢) ,¢!_ it, t!_, \ ;vli_ttx _)f Non-I ;ftin_ :in4 l,iftln_ _,itl_-|l_lrlrl ('_ltS,llitlti_ns° _:l)¢,t'r)- R,,port

,*: . II V'I : !_. ,:,;,: I" <,:it Ilt!l!l; :\. Sumltns "lnt..racttv,, ('{)ill!Hlt* t' (;z':_[)!lt_'_ \pph_'d it) th"

i ' I . i '__['_ _" ,;_ ";,hyr, _', p;tr:itt_)n I_roi,|t.n% " ;i l).lp, t. pt-, _, 11[, (_ ,_f tl!, v=)tlb l'_'tl(" OI1

( ,,1:i'Lltll._2 L", tit. i" ,it,d tl;, A_s/i(:liltlrtn of ('onlputlilg Xl;tt,hirl_lr_ >1)* t'idl lllt_.r_ _t (;roll I) tin

(il',qtitit -I ,tt I_,_ul.l, r, ('_ll(iraidot July |5-|;t 1!1_4.

" -',. tI:=i',A t I{. Nl_._i_t' , '(" ,:!':,lit' I (;,.ili.r_itt,d %lsti;ll l)oc'um, Ilt;itI_lil ill' *J'h,'(_t'*tt('al %tot,. S, i);ira-

tl,l: "tii.J,_, .. ' \;r(r;ttt/Nhlr_ s ('_lnlpatit_iht% S%mliO._itml I'ro('+',_iint2° Vohim,, 2. ll_lg_ ' 20Bs

.I.ilitl .i..,. : ";.t. _i-_ilS'ti', d >,V ,I'I'("I';/AI._NIII tll'ld _tt Stlci';itn, lifo0 (;tl_t_lrill;i till S, l,t,.nd.,r 18-

:+_flI ! ,] .

, ,. !1 = >I i t_. i =!:i', '(* ,:; i_;_, I'(i,.li, i';it_ tl \l_li_,l I)(_Cillllt ilt.li_)n _)! 'J li, ,_i', li(._=l 7t()l', $, ll;il';t -

'., ,: _i; i .,. ' !'r _ , - ilnl:- _).* th, '1', ¢.hnl0.il I_r(_i_l'llii. tI ,12, :ill, \_.,\ 1_'7>I0 7, t-(_il,i _llliil.l

i _ , _!,.i i ,:! ?,lit, I" In!llrlll ttll_ll 1%l.!,i_il_. \i,*lil:_ ('ll', I! . : ('+l;* _,111 r Ill'ili!til'_')_

i+ ' "t" I .i • l_'l, :>° i,. I I ill "%, tt _l/ll*k lit'*0 _, '.t \ .'F-: '_[i :,\ ]- , 1 *', I,

• '_ " .i : If. -, t'. [ !., ,il'. ttl':,l "_IiII', t* ii,ir;iililn tll,ilt; i_ _li , Pt'_lt#,l'.!i, -bit', .ll:ti ("iill<lldrl-

.qi \'zt , I I,i ti' ill',_:, l,>t.' %1%'_ I'.,p, r 7.1-77li, ill.l:4. Ii1¢ d ,ll 1}1_ \l_l\ )+l_.t hllnlt-s lilld

/ <lllll'_l .l! I ll:i'l ('lllil', r, IIr. .4 ,'%lltitl,'llll_ ('_lllfol'lilli I .31111_ust 5-9, 1!i71.

i
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